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HYDROGEN SULPHIDE GAS AND ACID SLUDGE HAVE HIGH VALUE 


if converted into fresh sulphurie acid by 
Chemico Processes 


\ E OFFER guaranteed processes and equipment for the removal of hydrogen 


sulphide from refinery still gases and its conversion into strong sulphuric acid. 


The Chemico Sludge Conversion Process is the most effective means for solving 
your acid recovery problems. By this process a very high percentage of the sul- 
phur content of unseparated acid sludge can be profitably converted into clean 
fresh acid of the highest desired strength,—not requiring further purification or 
concentration,—with simultaneous production of by-product coke of high fuel 
value. The additional fresh acid required to make up for treating losses can be 
produced in the same plant from either sulphur or hydrogen sulphide gas. 


Thus by a combination of our processes you secure complete utilization of 
your waste sulphur-containing materials, with your sulphuric acid supply entirely 
under your own control. 


Complete plants employing these fully patented processes and equipment are be 
obtainable at initial and operating costs which pay a liberal return upon the in- 
vested capital. 


We will design, build and equip your acid plant complete, deliver with oper- 
ating crew fully trained, and guarantee performance in definite figures. Repeat 
Chemico installations for prominent refiners from coast to coast assure the suc- 
cess of Chemico undertakings, yet we ask acceptance only after all guarantees 
are proven to have been well met. 


Give us data regarding quantities and analyses of your acid 
sludge and gases containing hydrogen sulphide and we will 
advise you as to your best interests. 





“CHEMICAL PLANT CONTROL DATA” 


Write for this free booklet. 


This is an 88-page compilation of information on sulphuric acid, 
including recommendations for analyses, tables of properties, curves- 
and charts for calculations, and other helps for industrial chemists. 

Sent free to refinery executives who apply on company letterhead 
and state official position. 





CHEMICAL CONSTRUCTION CORPORATION 
Main Offices: 30 Rockefeller Plaza, New York 


Cables: Chemiconst, New York 
European Representatives : Cyanamid Products, Ltd., 233 Salisbury House, London EC2 


CHEMICO PLANTS are PROFITABLE INVESTMENTS 
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N this issue begins presentation of a group of 
articles or discussions which are classified un- 
der the general heading of Engineering Eco- 
nomics. The articles presented at this time, and 
those to be published in future 
Engineering months, are the outgrowth of a 
Economics thought expressed in these col- 
ums last July. That thought, 
briefly, was that the engineering economist who 
applies his engineering knowledge to the eco- 
nomics of unit operation is that much ahead of 
the engineer or the economist, for he is the “‘fel- 
low who figures things out and makes them work 
at a profit.” 





A large group of well known men in the in- 
dustry have contributed or are planning to con- 
tribute to this group of articles, from their knowl- 
edge and experience, engineering and technical 
information which will prove of immense value 
to those in the industry interested in its rapid 
technical and engineering development. 

Nor is the topic restricted to those who are 
now cooperating in the preparation of these im- 
portant discussions. THE REFINER cordially in- 
vites further contributions and cooperation from 
those who feel that they have something to say 
that is of value to their fellow members of the 


industry. 


January, 1936—A Gulf Publishing Company Publication 





Examples of the class of discussions which are 
presented in the Engineering Economics series 
found in this issue include, W. L. Nelsons’ dis- 
cussion of shell stills versus pipe stills; V. R. 
Chadbourne’s important analysis of selection, in- 
stallation and maintenance of electrical equip- 
ment; L. C. Trescott’s interestingly prepared 
paper on the refinery transportation system, and 
A. W. Trusty’s timely article on design of con- 
tinuous treating systems. 

Future articles will deal with virtually every 
phase of refinery and natural gasoline plant de- 
sign, construction, operation and maintenance, 
and the scope of the group will include virtually 
all departments of the plant from the loading 
rack to the front gate. 

Coming, for example, are articles dealing with 
cracking in its various phases, polymerization, 
solvent processes and processing, experimental 
methods, gas gathering systems and gas han- 
dling, compressors and compressions, moderni- 
zation of gasoline plants, design of proper stor- 
age facilities, percolation filtration, solvent re- 
covery, use of exhaust steam in distillation, heat 
exchange, condensation, and so on. The scope is 
ever widening as more engineers and technolo- 
gists become interested in the program and offer 
suggestions and contributions. Almost all of 
them are good, all are appreciated. 














The technologist, chemist, scientist, or research 
worker, whatever may be his title, is of the type 
that develops new processes, new adaptations or 
applications of old processes or combinations of 
new and old. The engineer provides the all- 
important engineering knowledge that leads de- 
velopment through experimental to commercial 
application. Both must work together if gains 
are to be made. And further, both must know 
and apply the economics of unit operations if 
processes are to be pieced together into a smooth 
running assembly that will make more money 
because of more efficient performance. It is on 
the common ground of economics, after all, 
where those who are developing and progressing 
must meet and go forward. 

The scientist, technologist, chemist; the en- 
gineers—chemical, mechanical, civil, power, elec- 
trical, designing, and others—these have taken 
strong hold on the industry and during the past 
10 years propelled it further along scientific lines 
than was dreamed of in, say, 1915. In the pro- 
fusion and often confusion of rapid development, 
that which has proven most successful has seen 
a deal of attention from the standpoint of “pen- 
nies” in cost of operation. Which brings us back 
to economics, and to Engineering Economics. 


OLLOWING closely the indications that ap- 
peared during the closing months of 1935, 
the petroleum industry, it is felt, is entering the 
new year with much to indicate a sound condi- 
tion generally, and with a dis- 
tinctly promising outlook. 
Predictions coming from va- 
rious authorities have been 
made to the effect that 1936 will see a new 
all-time record set in consumption of oil, and 
with total demand expected to be possibly six 
percent greater than the demand during 1935. 
Granting correctness of these estimates, the petro- 
leum refining industry has made, and is making 
no error in the marked activity of new construc- 
tion and equal or greater activity in modernizing 
and rehabilitating its processing equipment. And 
this work, as is well known, is going on in prac- 
tically every department and phase of manufac- 
turing. Likewise, the natural gasoline manufac- 
turing industry is active in the revamping and 
modernization of its processing facilities, as well 
as the establishment of new installations. 
Meanwhile, inventories are the lowest for near- 
ly a decade. Current production of crude petro- 
leum conforms closely with consumption. This 
has brought about a condition where markets 
are comparatively strong, with prices generally 
at favorable levels. Many authorities state, as 
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this is being written, that increases in both crude 
petroleum and refined products prices are appar- 
ently in store. 

Oil company earnings improved further during 
the past year, having been the best since 1930; 
and such earnings are expected to show addition- 
al expansion during 1936, as evidenced by the 
popularity of oil company securities lately. 

Optimism over the oil industry’s outlook is 
felt by leaders within the industry, as well as by 
investors and others. Heads of some of the 
larger companies have expressed this confidence 
in recent interviews. Others have expressed it 
by adopting more liberal policies in paying divi- 
dends to stockholders, paying bonuses to em- 
ployees and in some instances increasing salaries. 


IME was when oil refinery specifications 

included much mention of “Black Merchant 
Pipe.” So much in fact, that in 1918 a design 
engineer remarked that he would like to meet 
the black merchant, since he 
had seen quite a lot of mention 
of his pipe. Progress brought 
high temperatures, high pres- 
sures, and nature brought more corrosive oils 
while the industry learned more of corrosion and 
how: to combat it. The pipe of the olden days 
marched along with demand, changed com- 
plexion, physical and chemical properties and 
today the refining of petroleum is carried out 
through the means of a wide and important 
range of metals—steels into which are alloyed 
nickel, chromium, molybdenum, silicon in vary- 
ing percentages. Of course, growing knowledge 
of metals has brought more usage and more 
proper usage of cast iron, alloyed cast irons, 
wrought irons, plain carbon steel, and aluminum 
and its alloys. 

That the role of nickel in refining would be- 
come of such importance as reached at the pres- 
ent stage of development, was little dreamed of 
20 years ago. No one would have agreed in 
the early days of continuous shell-still distilla- 
tion systems that nickel would be consumed in 


The Role 
of Nickel 


alloy with steel, chromium, molybdenum, in ton- 
nages reached to this time—and the end is not yet. 

At sub-zero temperature ranges at which some 
processes for dewaxing of lubricating oils are 
carried out, many metals lose much of their im- 
pact strength. Steels containing two to five per- 
cent nickel retain a good part of their room tem- 
perature impact resistance in this range—so there 
follows a widespread adoption of nickel steels 
with low carbon content for large vessels used 
in these processes. 





[Continued on page 35a] 
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Three fractionators used in Lyman Plant by Skelly Oil Company. Two for butane and pro- 
pane removal, and other for hot fractionation of compressed rich gas in recovery of gasoline. 


S 


kelly Modernizes 
Lyman Special 


Products Plant 


ASOLINE plants, thought to be the last word in 

efficiency a few years back, now are being mod- 
ernized so the cost per galion can be reduced, and at 
the same time, extract more gasoline from a given 
amount of wet natural gas. The industry generally, is 
following this practice by the addition of more modern 
absorption units, larger and more efficient heat ex- 
changers, fractionators which will cut the product closer 
to a given point, and changing from compression to 
absorption, a combination of the two, or from absorption 
to gas fractionation operation. Some have found that it 
is much more inexpensive in the long run to completely 
revamp a plant than it is to try to operate with obsolete 
equipment, badly in neéd of extensive repairs. 

One particular instance of this kind is that of Skelly 
Oil Company at its plant located at Lyman, in the north 
end of the Burbank field, Osage County, Oklahoma. 
This plant was built several years ago, using the absorp- 
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tion system then generally widely used. The system of 
erection, layout and general operation was about the 
same as that of most others in the industry, and the 
plant consisted of fiéld lines, compressors, using about 
35 pounds discharge pressure, absorbers and run tanks. 
Gasoline was weathered to the required specifications in 
storage tanks, but a short time later, fractionators were 
installed which led to more -efficient separation of the 
undesirable propane and butane, and left a large amount 
of marketable gasoline. 

The major operations of recovering the gasoline con- 
tained in the gas were followed for, several years, re- 
conditioning the units as they showed need of repairs, 
and adding fractionator columns for special products. 
During the most of 1934, and a part of 1935, the entire 
absorption, or gasoline recovery part of the plant began 
to show signs of extensive wear, and it was decided 
that it would be more economical to completely rebuild 
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Close-up of reflux condensers installed when the plant was 
changed from absorption to hot compression operation. 
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the plant than it would be to operate it by continually 
a+ repairing the various parts. 

ti As a result the absorption part of the plant was dis- 
carded and the compressors refitted with smaller cylin- 
/ ders, and the pressures boosted to 175 pounds, instead 
‘xs of the ordinary 35 pounds used when operating the 
: absorption plant. The plant site was cleared of all the 
on cooling towers, absorbers, stills, and graded for the 
-—— newer equipment which was installed as fast as possible 
i in order that the shut down time would be shortened. 
The result is a modern plant which operates much more 

cheaply than the old one. 
j The engine room was left in practically the same con- 
ees dition as formerly, with the exception of reconditioning 
both the power and compression cylinders, and remov- 
ing one of the low-pressure cylinders for each twin 
engine and substituting a smaller bore for the required 
higher pressure operation. The old louvre tower, which 
had seen'service in cooling the gas and mineral seal oil 
during the absorption life of the plant, was torn down. 
As the newer type of gas fractionation operation re- 
quired no particular cooling of the gas prior to its entry 
into the fractionation column, the space occupied by the 
louvre tower and two-inch pipe coils was used for other 

units. 

The primary fractionating column used during the last 
few years when the plant was operated as an absorption 
unit, and which was used to separate the butanes and 
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Special towers for manu- 
facture of close boiling 
range products. 


Special built propane 
refrigerating unit. 
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the propane from the bulk of the “make,” was recon- 
ditioned, and fitted with the necessary reflux coolers, 
exchangers, and the like to make it operable as a column 
in hot gas fractionation. The gas, direct from the high 
pressure compressors, is introduced into this column at 
the point where it is most practicable, and the column 
refluxed with condensate to complete the fractionation 
of the desirable hydrocarbons from the undesirable ones, 
particularly ethane and methane. 

The column is operated at the desired pressure and 
top temperature so the maximum amount of butanes 
and propanes can be extracted as well as the lower 
boiling fractions, because, in the operation of this plant 
as a whole, the propanes and butanes are desirable 
fractions, later to be liquefied and purified for various 
special products. One special feature found in this col- 
umn is the location of the valve which controls the 
column pressure. Instead of being placed on the ac- 
cumulator drum, it was placed in the overhead vapor 
line between the top outlet of the column and the first 
condenser section. This makes possible a steady, non- 
fluctuating pressure maintained at all times on the col- 
umn, independent of the temperature of the condensers 
or the amount of condensate trapped in the accumu- 
lator drum. A by-pass was installed on the vapor line 
which is in operation at all times, but insufficient for 
complete operation, and thereby forces the regulating 
valve to take care of the excess amount of gas coming 
from the top of the column. 

The column, as well as the reboiler at the base was 
insulated to preserve the heat applied for complete frac- 
tionation, but the overhead vapor line was installed with 
bare outside walls to facilitate cooling, taking advantage 
of the atmospheric conditions during the cooler portions 
of the day. The liquefied portions of the overhead 
stream of vapors are accumulated in a vertical drum 
and the necessary volume removed from it and pumped 
back over the top of the column to maintain the proper 
conditions for fractionating purposes. 

The pumps and regulating instruments, which were of 
necessity during the building and subsequent additions 
to the plant, placed outside and at various points in the 
yard, were gathered together and placed in a pump 
room. 

The raw make is processed practically as it was 
during the operation of the plant as an absorption unit, 
and the special fractions of butane and propane are 
handled as they had been. The boiler room was over- 
hauled as well, and the 
open top hot well, or ele- 
vated tank, which was in- 
stalled for conditioning the 
boiler feed water, was re- 
moved and in its place a 
pressure vessel was in- 
stalled into which the raw 
water is pumped, and into 
which all condensed steam 
is collected. The vessel is 
equipped with a liquid 
level instrument, with the 
float located so that when 
the water in the vessel is 
not maintained at the 
proper level a stream of 
make-up water flows into 
it. The temperature, be- 





cause of the closed feed water tank, is maintained at 
about 220°F., and much less,gas is consumed in making 
steam. 

Because of an increased demand for the solvents and 
other products with a close boiling range, an additional 
fractionator was installed beside the special products 
fractionator which was erected several years ago. The 
installation of the second fractionating column makes it 
possible for a number of fractions to be segregated with 
one throughput instead of the batch operation in use 
before the second column was erected. The pumps, 
which were reciprocating, steam driven units, were re- 
placed with centrifugal pumps, installed in tandem to 
obtain the high pressures necessary with this type of 
operation. All of these pumps are set in a common 
pump room, as well as the control and recording instru- 
ments used in fractionating work. 


To prevent contamination of one product with an- 
other, when extremely close boiling ranges are necessary 
in the finished product, gasoline hose is used instead of 
pipe lines, and a fresh hose is coupled up between the 
tank from which the raw natural is being pumped and 
the pumping unit, and another between the pump and 
the fractionator. From the outlet connection of the frac- 
tionator, whether it is overhead fraction or bottom 
product, hose is used also to transfer the gasoline frac- 
tion to storage. This product, or rather, these products, 
because of the multiplicity of them, are packaged in 
containers ranging in size from a tank car to a quart 
can. Drums are used extensively in shipping some of the 
special products, such as rubber solvent, etc. These two 
fractionating columns are used for the manufacture of 
“tailor made” products, made from the debutanized 
natural gasoline to order, some of which require a cer- 
tain boiling range, with a designated initial and end 
point. 

Treating of all the products has been simplified. The 
old treating plant, using some form of hypochlorite, was 
torn down and a much smaller unit constructed, not so 
elaborate as the old one, because it has been found that 
treating can be accomplished with a simplified unit much 
more economically than with a larger, more cumbersome 
plant. This unit was placed near the special products 
columns, and is new throughout—fittings, piping and 
drums. As with the balance of the recovery plant, it 
was found to be much more economical to rebuild than 
to recondition often, due to worn pumps, eroded and 
corroded piping and leaking valves and fittings. 

A program is under way 
to further fractionate the 
product, and an additional 
three columns are being 
erected which will place 
the company in a position 
to make any thing from 
liquefied propane to the 
heavier fractions, relative- 
ly pure, or blended after 
being fractionated from 
the raw make. Gasoline 
made in South Burbank, 
as well as the recently ac- 
quired Carter “9” plant 
will be processed in the 
Lyman plant together with 
the production regularly 
made there. 


Gas engine driven compressors redesigned by the addition of 
high pressure gas cylinders when Lymon plant was rebuilt. 
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W:. LNELSON, Consultant 


Professor of Petroleum Refining, 
University of Tulsa 


LTHOUGH shell still operation is conceded to be 

a costly method of processing, many refiners con- 
tinue to use shell stills for topping crude oil and for 
other distillation work. Probably more than half of the 
refineries operating in 1935 are using shell stills to 
process a part of their crude, although it has been esti- 
mated that only about 33 percent of all petroleum dis- 
tillation now is processed in shell stills. It should also 
be remembered that much of the percentage consists of 
the redistillation of pressure distillate, naphtha, pressed 
distillate, and bright-stock solution. 


The purpose of this paper is to compare the costs of 
pipe still and shell still operation and to determine the 
reasons for the difference in cost. There must be plaus- 
ible reasons for the fact that so much shell still capacity 
is still in use and in part these reasons will be suggested. 
Perhaps the most powerful influence for the continued 
use of shell stills is the lack of funds of many refiners 
or their lack of confidence in the immediate economic 
condition of the industry. Many of these refiners are 
convinced that their operations are expensive but they 
cannot feel encouraged to incur additional expenses 
while market conditions are unsatisfactory. This is a 
particularly difficult situation to be in, since they must 
compete with refiners with modernized plants and the 
competition becomes more keen each year because of 
new pipe still installations. However, the cost analysis 
which follows indicates that the cost of operating a well 
kept shell still battery is not prohibitive. In other words, 
the loss by the operation of a shell still battery depends 
entirely on the condition of the shell still equipment and 
particularly the effectiveness of the fractionating system. 
Further, those refiners who have not written off their 
investment in shell stills will have a big obsolesence 
charge to carry. Shell stills must be discarded before the 
next business depression because new pipe still competi- 
tion is appearing each year. 


By means of this paper, shell still operators should 
be aided in analyzing their particular operation, to de- 
termine wherein their costs are too great. 


OPERATING FACILITIES 


The discussion which follows deals particularly with 
the operating features of the two equipments, and what 
these operating facilities mean in dollars and cents will 
be reserved for a later part of the paper. Many of the 
advantages of pipe still operation are of an intangible 
nature and cannot be evaluated in dollars and cents 
except as they affect the general morale of the plant 


Comparison of Cost 
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force, cost of supervision, and savings on repairs. We 
refer particularly to fire hazards, the safety of plant 
workmen, and the advantages of a continuous controlla- 
ble operation. 


The major advantages of a pipe still over a shell still 
are: 


(1) The pipe still is best suited for continuous opera- 
tion. This permits a rigid control of the operating con- 
ditions such as rate, maximum temperature, amount of 
steam used, and firing conditions. Continuous operation 
also permits the use of extensive heat exchange and an 
increased thermal efficiency. 


(2) The pipe still is particularly adapted to the prac- 
tice of flash-vaporization. By flash-vaporization it is 
possible to distill a much larger amount of the crude oil 
without causing decomposition or the use of an exces- 
sive amount of process steam. Thus, most crude oils can 
be topped at a maximum temperature of 690°F., which 
requires no steam, if a pipe still is used, whereas a tem- 
perature of about 800°F. is necessary in a shell still 
battery or a large amount of steam to reduce the final 
temperature to the customary 630°F. 


(3) Less decomposition occurs in a pipe stili. Al- 
though the rate of heat transmission is higher in a pipe 
still than in a shell still, the heating can be controlled 
by means of the velocity, tube arrangement, and flame 
conditions, so that localized hot spots and decomposition 
do not occur to a large extent. This results in greater 
















yields of the valuable lubricating oil products and a bet- 
ter separation between the lighter products. 

(4) The rate of heat transfer is higher in a pipe still. 
Although the -heating surface in a pipe still is more 
expensive than in a shell still, the rate of transfer is so 
much greater that the total cost of the pipe still is less 
than the cost of shell stills. The advantage is even 
greater in the entire distillation unit because more frac- 
tionating towers are required with the shell stills. 

(5) Pipe stills reduce the fire hazard. The large 
volume of oil that is contained in a shell still battery 
constitutes a serious fire hazard and a danger to plant 
workmen. Pipe stills are built so that a fire can be 
quickly extinguished by means of steam whereas the 
several hundred barrels of oil in a shell still may escape 
into the refinery yards and drains and seriously menace 
the entire plant. 


PROCESSING COSTS 


Although overall operating costs taken from hand 
books, articles, etc., are of questionable value, they do 
serve to indicate the general magnitude of operating 
costs. These data are-called questionable because the 
source of the information is not entirely clear, widely 
different stocks may be discussed by the different 
authorities, the items that are included are not always 
listed, and different equipments may have been used. 
The Cross Handbook, gives the following indications 
for a 2000-barrel plant: 








Dollars per Bbl. of Crude Oil 








Pipe Still Shell Still 
RS OSes fn ern 0.10 0.30 
RMI Ga bd 0s oe sa eslgvesieseedaesncee 0.27 0.35 
NN lk os a ater 6 ¢.biwtininih oe ¢ ores. ea Ke 0.50 




















1 Handbook of Petroleum Asphalt and Nat. Gas No. 25, page 344, K. 


C. Testing Laboratory. 


Other authorities give costs for pipe still distillation 
between seven and 11 cents per barrel of crude oil but 
few of them venture to discuss shell still costs. 

The items that contribute to this difference in cost 
may be summarized as follows: 

(1) Yield. Large losses are not involved unless the 
fractionation system is inadequate. However, the tower 
systems on most batteries are inadequate. 

(2) Steam. Much more steam is required for a shell 
still battery because of the non-flash conditions that 
exist in a shell still. 

(3) Fuel. The thermal efficiency of the pipe still is 
much greater, and further, because of continuous opera- 
tion, heat exchangers are more effective if used with 
pipe still equipment. 

(4) Repairs. The repair of old shell still equipment 
is an important item. 

(5) Operating Labor. In large equipment, the cost of 
operation of pipe still equipment is much smaller. 

(6) Capital Investment. New pipe still equipment is 
much cheaper than new shell still equipment. However, 
most shell still equipment has been depreciated to a 
large extent and hence the depreciation charges are 
usually about the same on both equipments. 

(7) Difficulty in Treating. With inadequate frac- 
tionating towers the distillates often require additional 
acid. 

These items will be discussed in detail and the costs 
for a 3000-barrel crude oil topping plant will be com- 
puted. A typical True Boiling Point analysis of a Mid- 
Continent crude oil is shown in Figure 1. In addition 
to the True Boiling Point distillation curve (No. 1), 
the Mid-percent gravity curve (No. 2), and the Flash 
Vaporization curve (No. 3), a special curve of the still 
temperatures in the several shell stills is shown in Curve 
No. 4. About 13 shell stills will be required and the op- 


erating conditions in these stills are shown in Table 1. 
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FIGURE 1 


37° A. P. I, Mid-Continent 
Crude Oil 
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TABLE 1 
Operating Conditions in Shell Still Battery 


























Still 
Temp. 
Actual If no Amount 
Still Steam of Steam 
Still Material Temp Used Lb. per 
No. Distilled “"T. oF. Hour Notes 
1 Naphtha......... 290 290 
2 Naphtha......... 396 396 
3 NapRthe. 22. 0<s«5 467 467 
4 Naphtha & kero... 520 520 high reflux 
5 Kerosene......... 570 570 high reflux 
6 Oe eae 605 605 Gs 
7 oS SEP ee 610 642 187 first steam 
8 Ra See 630 690 235 
9 CEs sais bas + os 630 723 286 
10 Heavy gas oil*.... 630 746 284 
11 Heavy gas oil*.... 630 774 440 
12 Heavy gas oil*.... 630 800 590 
13 Heavy gas oil*.... 610 820 | 1010 high reflux 








*In a lubricating oil plant, this would constitute the lightest part of the 
wax distillate. 


The operating conditions of the pipe still will not be 
given in detail because they are unnecessary. The vapor- 
izer temperature will be about 665°F., and the pipe still 
outlet 700°F. No steam is required to reduce the tem- 
perature at the vaporizer but steam is used to strip the 
kerosene, gas oil, and reduced crude oil. 

The yields by the two methods of processing are 
indicated in Table 2. 














TABLE 2 
Yields When Processing 36° A.P.I. M. C. Crude Oil 
| SHELL STILLS 
I II 
By Perfect Pipe Normal Inadequate 

Separation Still Condition Towers 

Material | Properties Percent Percent Percent Percent 
Naphtha..} 410 E.P. 31 30* 29.0 27 
Kerosene..| 42 °A.P.I. 8 10* 10.5 13 
Gas Oil. ..| 43.5 °A.P.I. 30 29 29.5 29 























*Perfect fractionation not desired. Must produce burning kerosene. 


Several sets of actual plant runs were used in prepar- 
ing Table 2. In some cases the separation was even 
poorer than shown for shell stills with adequate towers. 

Yields. As indicated in Table 2, the loss due to an 
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imperfect separation of the products depends to a large 
extent on the particular equipment. The separation that 
is attained is greatly dependent on the fractionating 
system and as a rule the tower systems on shell still 
batteries are inadequate. The market prices at the re- 


The Old 








finery for gasoline, kerosene, and gas oil during August, 


1935, are: 


Cents Per Gallon 


Finished gasoline ................... 4.75 
ee ea 3.5 
ENE SS Se Se 2.5 


At these values the loss due to an inadequate separa- 
tion is: 





Value of Products-cents per 
Barrel of Crude 











Pipe Shell Shell 

Still Still Still II 
RS ard 5% 5 desea v4 p OR Ox. w Os LE 59.9 57.9 53.8 
NEES Prorer ree tae 14.7 15.4 19.1 
Es Aas east sok a a kc 44 8 oes 30.4 31.0 30.4 
Value of Distilled Products....... 105.0 104.3 103.3 














Thus, the loss due to an inadequate separation in the 
shell still battery ranges from 0.7 cents per barrel to 1.7 
cents and even more, depending on the equipment. 

Towers can be provided for the shell still battery that 
will produce nearly the same yields as a pipe still but 
their installation is not justified because after this ex- 
pense has been incurred the equipment continues to 
suffer by the other disadvantages of a shell still equip- 
ment. 

Steam. In order to compute the steam erquired for 
the shell still battery, the still temperature curve (No. 4, 
Figure 1) was computed. A summary of the steam re- 
quirements for the pipe still and the battery in good 
condition, follows: 

















Pounds Steam per Hour 
Item Pipe Still Shell Still I 
EES eee er ees See eee Swtale 3,032 
NT Ra ig ald o ald aia bey 4 ens eae 1,127 490 
tid se kid ic elk wikinl> o.0 v0 09.0.6 276 620 
MEN AMSA Yah Pele vb si cecececceeeiees« 700 770 
a a ais ucuiy gin 6 210 740 
2,313 5.652 














At a steam cost of 30 cents per million B.t.u. the 
charges amount to 0.6 cents per barrel for the pipe 
still and 1.47 cents per barrel for shell still I. 

Fuel. The thermal efficiency of the best non-recircu- 
lation pipe stills seldom exceeds 55 percent and this was 
the figure used for Shell Still I. The pipe still efficiency 
was used as 70 percent although many stills are operat- 
ing at a higher efficiency. Furthermore, the temperature 
attained by heat exchange, on a shell still battery, seldom 
exceeds 280°F., whereas the heat exchange system on a 
modern pipe still usually raises the crude oil tempera- 
ture to 340°F. The value of refinery fuel was con- 
sidered to be 40 cents a barrel. 

At these conditions the fuel for the 3000-barrel pipe 
still unit amounted to only 0.88 cents per barrel whereas 
the shell still I fuel expense was 1.2 cents per barrel. 

Operating Labor. A pipe still unit properly equipped 
with control instruments requires only one operator per 
shift and one helper. The same applies to a shell still 
battery in good condition but as a rule three men are 
required. Operating labor was valued at an average of 
45 cents per hour. For these conditions the direct operat- 
ing charges are 0.72 cents per barrel for the pipe still 
and 1.08 cents per barrel for shell still battery I. 

Repairs. This is an item that must be determined by 
each refiner. Nevertheless, shell still batteries are usually 
old and constant repairs are necessary. Among the repair 
items for a pipe still are—unskilled labor, new tubes, 
gaskets for tubes and tower manholes at each shut- 
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down, removal of dangerous or broken fittings, tube 
rollers, power for compressed air, and steam. 

For a shell still—unskilled labor, new still bottoms, 
welding of these bottoms, gaskets for towers and stills, 
brickwork repair, cleaning of still bottoms, repair of 
valves and fittings, repair of insulation, cleaning con- 
densers, and steam. For average conditions these items 
amount to about 0.502 cents per barrel for the pipe still 
and about 1.56 cents per barrel for shell still I. 

Capital Investment. This also is an item that depends 
entirely on the plant management and accounting. The 
cost of new pipe still equipment today is about $120,000, 
or $40 per barrel. The cost of a new shell still battery 
of 3000 barrels capacity would be far higher but as a 
rule, refiners do not list their obsolete equipment at high 
figures. If the existing shell still equipment is valued at 
$30,000 and it is to be depreciated in four years the 
charge per barrel is about 0.71 cents. The investment 
charge for the pipe still equipment, if depreciated in 10 
years, amounts to about 0.82 cents per barrel. 

Treating Costs. If the fractionation is poor and con- 
siderable entrainment occurs, the amount of acid re- 
quired for off-color stocks may amount to as much as 
one pound per barrel. This cost has not been charged 
to the shell still battery in the summary which follows 
but it may amount to 0.2 cents per barrel. 

Supervision, Water, and Overhead. These items 
should be much the same for either type of equipment. 
However, constant repairs take much of the time of 
supervisory managers and hence the supervision will be 
somewhat higher for the shell still battery. 


SUMMARY OF COSTS 

The above factors are listed in Table 3. Shell still I 
refers to a battery that has been partly modernized, 
whereas shell still II refers to batteries that are in poor 
condition with respect to repairs, equipment, and de- 
preciation. 

These costs are the ones that can be directly charged 
to the distillation operations and do not include plant 
overhead, storage, laboratory, sales, executive, taxes, 
treating or handling costs. 


TABLE 3 
Summary of Pipe Still and Shell Still Costs 




















Cents per Barrel of Crude Oil 
Pipe Shell Shell 
Still Still I Still IT 
Inadequate fractionation ......... 0.0 0.7 ay 
RRR Re earner 0.6 1.47 1.9 
Ms Ed Re oy 5 16S 6 aN'H5 58 RS 0.88 1.2 1.47 
Oe eter wry 0.72 1.08 1.3 
Repairs maintenance.............. 0.50 1.56 2.4 
SE a rey 0.03 0.04 0.03 
Depreciation obsolesence........... 0.82 0.71 1.55 
3.55 6.76 10.35 
Loss due to shell still operation: 
ee ee ae 3.21 7.80 
De | See ere ee $35,100 $85,300 














Thus, the operation of shell still battery will involve 
a loss of about $35,000 per year. The figure may be as 
low as $20,000 a year for wisely operated shell still 
batteries but the cost may reach $85,000 per year on 
old, upkept equipment. 

The above figures are for the distillation equipment 
alone and as a general rule those plants that operate 
shell still batteries also operate other equipment that is 
obsolete. For the complete operation of skimming in- 
cluding all direct plant expenses, the cost will probably 
exceed 12 cents a barrel for pipe still operation and 
from 18 to 24 cents for shell still operation. 
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Design of 


Continuous 


| Treating Plants 


A. W. TRUSTY 







Chief Chemist, Louisiana Oil Refining 


Corporation 


HE conventional method of treating distillates in the 

early period of refining was by the batch agitator 
(Figure I*). Contact was obtained by either circulating 
chemical and oil with a pump or by blowing with air, or 
both. The disadvantages were that air agitation entailed 
large evaporation losses, gave inefficient contact between 
the acid and oil, impaired the quality of the products in 
some cases, and, in order to get the desired results, an 
excessive amount of acid was used. 

Batch operation was also undesirable due to loss of 
time while the agitator was being charged and pumped 
out. The modern continuous treating system has many 
advantages over the batch agitator: 

(1) Much time is saved due to a continuous opera- 
tion ; 

(2) Evaporation losses reduced considerably due to 
a closed system under pressure, and to the elimination 
of air blowing; 

(3) Savings in chemicals due to more efficient con- 
tact of oil and chemical. 


Chemical treatment of oil involves two fundamental 
principles: (1) efficient contact between the oil and the 
reagent, and (2) separation of the oil and reaction 
products. Efficiency of contact implies both efficient mix- 
ing and adequate time of reaction. 


TYPES OF MIXERS 


The types of mixers used in continuous treating plants 
may be classed as 

1. Orifice columns ; 

2. Baffled columns; 

3. Packed columns ; 

4. Mechanical mixers. 


ORIFICE PLATE MIXERS 


The orifice column has proved a satisfactory type of 
mixer that can be constructed on the plant. Methods of 
construction are shown in Figure II. The orifice area 
should be divided into several small holes rather than 
large ones. The energy of the high velocity jets is 
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FIGURE II 


Construction details for two types orifice mixers. 


dissipated on the downstream side in eddies and turbu- 
lent motion which gives efficient contact. 


The conventional orifice formula Q=CAV2GH may 
be used to design orifice type mixers: 

© = quantity in cu. ft./sec. 

C = coefficient (0.61 for small diameter orifices) 

A =area of orifice, sq. ft. 

G = gravity acceleration = 32.2 ft. per sec. per sec. 

H = head of liquid in feed. 

An adaptation of this formula is more convenient for 
common terms: 

Ob = 18.26 D? V H 

Ob = Flow in barrels per hour 

D = Diameter of orifice in inches 

H = Head of liquid in feet. 


Example: To design an orifice type mixer to treat 250 
barrels per hour of 58° A.P.I. gravity distillate with 
a 30-pound allowable pressure drop. Using 15 
plates, the pressure drop will be 2 pounds per plate. 
250= 18.26 D? V 6.16 or 
ae 52 
D = 2.35” or 4.34 sq. in of orifice area per plate. 
Rather than have one or two large orifices, better mixing 
can be obtained with, say, 4” holes. 
Area of one %” orifice = 0.049 sq. in. 


434 
049 


= 88.5 holes %4” diameter. 


BAFFLE PLATES 


The baffle plate alone is not an efficient mixer, but 
can be used to good advantage in conjunction with an 
orifice column, jet, or mechanical mixer. The baffle 
serves to prolong the contact time between the acid and 
the oil. Where acid sludge is recirculated and used in 
large volumes, the baffle column can be used to ad- 
vantage for contacting. 

Twenty baffles spaced one foot apart in a six-inch 
column and treating at the rate of 200 barrels per hour 
will give a pressure drop of about 10 pounds. 
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JET MIXERS 

A Venturi tube or a number of smaller tubes in 
parallel are sometimes used as mixers. A high velocity 
jet of liquid flowing through the throat of the nozzle 
creates a suction which draws in the chemicals. This 
type of mixer is most efficient when approximately equal 
volumes of liquids are to be mixed. Usually the quantity 
of chemical is small compared to the quantity of oil; 
hence it is difficult to positively control the relative 

amounts of liquids. 
Several natural gasoline plants use this type of mixer 
30—-7 
+ 
+6 15.0 
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Example:- 

Barre/s per hour 

Friction head per plate, f#.--10 
Orifice area, $q.in. Les 
Orifice diarnefter, in.-------2.28 


Flow, Barrels per Hour 


Diameter of Orifice, Inches 
Area of Orifice,Sq. Inches 
Friction Drop Through Orifice , Feet of Liquid 


Derived from Q= CAV2GH 
Where Q = Flow in cubic feet per second 

C = Discharge coefficient =0.65 
A= Area of orifice in square 
G = Gravity acceleration «32.2 ft per sec. per sec! 
H = Head of liquid in feet 

Lo or Qb= 18.26 D2 

2 Where Qb= Flow of barre/s per hour 
D = Diameter of orifice in inches 
H= Head of liquid in feet 


Alignment chart showing relation between diameter 
of orifice, head of liquid and rate of flow. 


b 
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for contacting gasoline with hypochlorite solution. The 
relative quantities of liquids are not important to main- 
tain constant, as an excess of hypo is used, and, as most 
natural gasolines are relatively less sour than refinery 
gasolines, the contact time is sufficient for sweetening. 

The packed column—a pipe packed with crushed rock, 
Raschig rings, gravel, etc., gives efficient mixing, but 
has the disadvantage of the tendency to clog. 


MECHANICAL MIXERS 


There are several types of mechanical mixers on the 
market which give efficient contact. The treatment of oil 
with acid with a mechanical mixer and immediate sepa- 
ration of the acid and sludge with centrifuges has been 
successfully used by several companies. This method of 
treatment has been dealt with considerably in the litera- 
ture. 


PUMPS 


Centrifugal and rotary pumps have some value as 
mixers, but as a rule do not furnish sufficient contact to 
be used alone. Pumps assist the mixing when used in 
conjunction with some other type of mixer. 


SETTLERS 


The settlers should be of sufficient capacity to allow 
the bulk of the chemical to settle out. Settlers with low 
capacity cause an excessive consumption of caustic, or, 
if a water wash is used, the corrosion will be more 
severe on the water-wash settlers and lines. On the other 
hand, if the settlers are so large that excessive settling 
time is given, the quality of the treated distillate is im- 
paired. Prolonged settling causes esterification, which 
gives excessive acid formation, a poor color, and a poor 
color stability when the treated distillate is rerun. 


An average settling time of one hour is sufficient for 
most types of distillates. For a 300-barrel-per-hour 
plant, an 8 x 30-foot settler after the acid mixer and an 
8 x 30-foot settler for auxiliary settling should be ample. 

Normally, the inlet to a tank should be made at the 
point where the separating level is kept. If the inlet is 
made tangential to the tank, a whirling motion is set up 
which will assist the action of gravity in settling, and 

























































































at the same time will not tend to cause as much turbu- 
lence in the tank as an inlet straight into the side. 





BLOW-CASES 


The most convenient method of handling sulphuric 
acid is by means of air and blowcases. The quantity of 
acid used can be measured by the differential pressure 
on an orifice plate in the acid line (see Chart 1) or by 
down gauges from gauge glasses on the blowcases taken 
periodically by the operator. When using an orifice plate, 
a monel metal screen should be placed in the acid line in 
front of the orifice to prevent clogging. The proportion 
of acid to oil can be changed by changing the pressure 
on the blowcase or by substituting an orifice of differ- 
ent size. 

The blowcase should be designed to withstand the 
refinery air pressure after an allowance has been made 
for corrosion. An allowance of one eighth-inch should 
be made for corrosion. Check valves in the air line will 
prevent acid leaking back in case the air supply is 
shut off. 


SIZE OF LINES 


The velocity of the oil through the various lines 
should be approximately five feet per second. A con- 
venient formula used to calculate this velocity is 


.2856 & barrels per hour 


> 





(diam. of pipe in inches)? 
For example, the size piping to use for 250 barrels per 


hour would be 
.2856 & 250 


D? 
D= 38". Use 4" pipe. 


= 5 2 


DISPOSAL OF ACID SLUDGE 


The method of disposal used by many refiners is to 
burn the acid sludge. The products of combustion of the 
acid in the sludge, sulfur dioxide and sulfur trioxide, .. 
are non-corrosive, if not allowed to combine with water. 
Where disposal can be made into nearby streams, the 
sludge should be neutralized with spent caustic. 





References: 
*Morrell & Bergman, Chem. & Met. 1928, 35 Motor Fuel Prep. & 
Application—Nash, Howes. 
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Continuous treater for using 
acid sludge as first treat. 





Yh o 


1 os Ss 


o 


me ble CD 





¥ 


THE REFINERY 





Transportation 


By L. G TRESCOTT 


OT so long ago a department head in one of the 
largest refineries in the East walked into his 
main pumphouse. 

“Tommy,” he remarked significantly to the pumper, 
“T wish we could lose that mess in 107 tank. It'll 
never make cold test. It’s too sloppy to press and 
they won’t let us throw it into fuel. As long as we 
have it they’ll think there’s a chance of working it up 
and we need the room.” 

The next day 107 tank was empty. About a month 
later an old tank in the oldest tank farm about two 
miles down the river was found full of sloppy red oil. 
How it could possibly have reached the tank no one 
was able to explain. On the face of it part of the 
trip must have been made straight through the air. 
After a week or so of wonderment they threw the 
stuff into fuel. The secret of its passage was in all 
probability buried with two old pumpers who had 
worked in the refinery when it started. They had 
been carried on the payroll for some years after 
they should have been pensioned just because there 
were combinations of old lines which they alone 
knew. 

The pumper in that department also makes his 
brag that you cannot drive a stake within a hundred 
feet of his pump house without hitting a line. He 
does not brag of the fact that many of them are 
forgotten lines; lines that tangle in and out among 
themselves; lines that begin nowhere-and for all 
practical purposes go nowhere. A tie-in or cross-over 
costs many times what it should because of the neces- 
sity of weaving a way through. Of this tangle too 
often the only surface indication is a thick sprinkling 
of valve wheels and short projecting pipes which 
house the valves of the lower lines. To the new man, 
trying to learn the lines looks like a lifetime job, 
and frequently that is just what it is. 

A line may start as a feeder for one or two tanks 
and in the course of 10 years be extended and tied 
in until through it almost any tank in that section of 
the yard may be reached. Quite handy, you think? 
Remember that for a single pumping on that line 
every valve must be tried. The pumper may walk a 
mile in order to pump a tank within 50 feet of the 
pump house. 

Such conditions do not hold for every refinery. 
Some are still young. But with the best of them, 
unless some care is taken to prevent it, inside of 20 
years the pipe lines can and do reach the stage where 
they can be compared more nearly to the aimless, 
tangled trails of an age-old jungle rather than to a 
planned transportation system. In any plant modern- 
ization scheme it would seem a worthwhile project 
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to tear apart at least some of the mess into which the 
lines have gotten themselves and rebuild with less 
complication. In any event there should be some 
record of the lines which possibly may be put in use 
and this record should not be kept in the heads of a 
few of the older pumpers. 

When a plant is built the tanks and equipment are 
located and after this the connecting pipe lines are 
put in. Seldom indeed is the matter of piping and 
pumping considered in any other light than just the 
inter-connection of tanks or equipment. Seldom does 
the engineering department look at it by itself, as a 
matter of transportation with problems of dispatch- 
ing, extension, maintenance, and sundry difficulties 
all bearing on one point: that of keeping the crude 
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and its products moving in a smooth uninterrupted 
stream. 


_ Usually the questions considered by the engineer- 
ing department are confined to the selection of proper 
pipe sizes and to the original location of the lines. 
Subsequent extensions and connections are often laid, 
out by the operating foreman to suit the needs of 
the moment. Viewed as a major problem of transpor- 
tation the proposition is more spread out. Here are 
some of the items which must be considered: 

1. Location of tanks. 

2. Location and layout of pipe lines. 

3. Quantity and quality of oils to be transported. 

4. Sizes of pipe lines and the purpose for which 
each line is to be used. 


_ 5. Selection of proper pumps to meet each condi- 
tion. 


6. Proper dispatching of pumpings in order to 
avoid hold-ups and congestion. 

%. Special precautions necessary for each case. 

8. Prevention of contamination. 

9. Careful consideration of all changes and exten- 
sions of pipe lines. 

10. Safety considerations; fire hazards, firebanks, 
etc.; foam lines, and safety steam lines. 

11. Transportation of reagents, acid, soda, etc. 

12. Transportation of acid sludge. 

13. Records. Source data for yields. 


Some of these items are highly important, others 
are not, but they can all be drawn together under the 
head of refinery transportation. Possibly the very fact 
that transportation is so closely tied in with all plant 
processes has been the thing which in most cases 
has prevented its being treated as a problem by itself. 
In any event it is certain to be of value to separate 
this transportation network from the rest of the plant 
operations and study it. 

The fiow sheets, Figures I to V, give the transpor- 
tation layout for a complete refinery, one running 
lubricating, coking, and asphaltic crudes. The smaller 


refineries can easily pickeout the lines in which they 


are interested. 


It will be seen that the heart of this transporta- 
tion system lies in the pump houses of the distillation 
department. Here the crude is received, the primary 
split-up made and the various raw stocks dispatched 
to the proper department for further refining and 
finishing. 

The operating tank farm usually comes under the 
jurisdiction of the distillation department. This farm 
has two functions in the transportation system. It 
provides primary storage for crude and it acts as a 
storage balance for the plant as a whole. While, in 
the usual run of things the various stocks are trans- 
ported directly from the tanks of one department 
to another, there are times when holdups occur. The 
regular stream becomes clogged and in order that the 
stills and the plant may be kept moving the excess 
stock must be sent to the farm. 

This use of excess storage is not always caused by 
emergencies. In the case of fuel oils, certain lubri- 
cating stocks, etc., the requirements of the trade are 
seasonal or intermittent. The shipments may be in 
large cargoes and not in a steady stream. Reducing 
stills are run for a varied line of products. Usually 
they are kept on one line until a considerable stock 
is built up. Provision must be made to store this 
until it is needed. It is usually better policy to store 


the raw stock rather than the finished product so 
that such oils generally are held at the farm. 


Pumpings to and from the operating tank farm 
are usually in large quantities. A careful study of the 
actual needs should be made and the pumps and lines 
laid out accordingly. 

The dispatching problems of the tank farm are 
relatively simple as the daily pumping routine is 
fairly constant. A.d as one purpose lines are almost 
the rule there is little complication due to handling 
several stocks in the same line. 


The first line tanks in the distillation department 
are naturally the still running tanks. Here are the 
feed tanks fo: the crude stills and the raw stock 
tanks for the reducing stills. In up-to-date practice for 
lubricating oil manufacture the coastal and naphthene 
base lubricating stocks are cut to specification on the 
crude still, so that for these grades no further reduction 
is necessary. The reducing stills generally will be found 
operating on pressed distillates either from straight-run 
crudes or from the coking stills. 

At least two feed tanks should be provided for each 
stock or crude. With several continuous stills operating 
on the same stock there should be a feed tank for each 
still plus one or more extras for the system. When 
batch stills are used several may be charged from the 
same tank. When a feed tank is empty it is immediately 
filled from the tank farm, the wax plant or other 
sources, the still run being continued from one of the 
extra tanks. Each tank should be large enough to hold 
at least a day’s run for the still or stills which it feeds, 
and direct one purpose line should be laid between the 
feed tanks and the source of supply. The pumps should 
be of such a size as to re-fill the tanks as soon as is 
reasonably possible. 


The running tanks from the stills should not be too 
large. Two thousand barrels is about right to handle 
the product from a still of 6,000 to 10,000 barrels per 
day capacity. There should be two of these for each cut 
of oil from each continuous still, or from each crude 
battery of this capacity. The continuous tower still will 
also have a tank for reflux circulation. This is pumped 
occasionally to keep it at a proper level, the product 
going to cracking stock. 

Back of the still-running tanks are the larger storage 
tanks into which the running tanks are pumped after 
they have been passed by the laboratory. Naphthas and 
W. W. distillates generally are stored in the refined oil 
department as are the finished products from such 
stocks, the gasolines, the kerosenes, etc. In this way the 
light storage is segregated to reduce fire hazards. The 
cracking stock storage generally is spread between the 
distillation department and the cracking stills. 

Where paraffin-base crudes are run the most impor- 
tant and most valuable are the bottom stocks or resid- 
uums. Fresh from the stills these stocks carry the 
petrolatums and the tanks in which they are stored 
must be kept hot. They generally are run direct from 
the stills to the larger storage tanks without going 
through the smaller intermediate tanks, and in laying 
out the system for them a careful study should be 
made of the situation. The running rates from the 
stills must be considered as well as the rates at which 
the stock will be drawn by the various treating depart- 
ments. Plenty of allowance must be made to take care 
not only of possible holdups on the treating end but 
also to allow for such periods as the stills may be shut 
down for repairs. In addition to all the tank space that 
may be considered necessary to handle these grades of 
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oil it is well to install at least one extra, of considerable 
capacity. It is surprising how often it will be used. 
Asphalts usually are run and held in a department 
of their own. They too go direct from the stills to 
storage in heated tanks. Short lines, often jacketed, are 
the rule and every precaution must be taken to keep 
the product dry. With many stocks a leaky coil may 
only mean so much wet oil. With a heavy tar or asphalt 


it means foam without end. A very little water in such 
a tank will practically empty it through the manhole at 
the top and the chances of recovering the solid tar from 
the ground or of opening sewers that are plugged with 
it are slim indeed. In many plants it is against the rules 
to blow heavy tar or asphalt lines with air on account 
of the moisture that may be carried by the latter. 
Welded heating coils should be the rule in such tanks. 
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Transportation flow sheet, distillation department 
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FIGURE II 


Transportation flow sheet, refined oil department 








Heavy fuel is usually pumped direct to the power- 
house or still feed tanks with the excess going to the 
farm. If there is a local market for this grade, tanks 
may be set aside in the distillation department from 
which it is drawn to the trucks or tank cars at the reg- 
ular loading racks. Ship or barge cargoes generally are 
loaded direct from the farm. 

In making the layout for the running tanks they 
should of course be located as near the stills as possible. 
The lines should go direct from the stills to the proper 
tank and it is almost the law of the land that no outside 
or transfer lines shall be tied into the still lines. The 
distillation department pump houses also should be lo- 
cated near the running tanks. The oil from the stills to 
the running tanks is handled by the pumps attached to 
the still which usually are not located in this pump 
house but are operated by the stillmen. Only transfers 
are handled by the pump house. 


The pumping in the other departments of the plant 
follows closely the same conditions which hold in the 
distillation department. Their problems are less com- 
plicated as they work with the products from that one 
department and their operation is pretty much routine. 


In all except the most northern climates there is lit- 
tle reason why lines should be buried, especially where 
they are laid as closely as they will be found around the 
tanks of the various departments of a refinery. They 
may be carried either on the surface or in shallow 
open trenches with connecting lines going off at right 
angles and not cutting cross country in just any direc- 
tion. In a few cases this may take a little more pipe 
but the small extra expense will be more than covered 
by the lower cost of changes, cross-overs and connec- 
tions and in doing away with the messy networks found 
in so many refineries. With such a system lines that will 
not be used again can be salvaged profitably instead of 
being allowed to rust away in the ground. Repairs are 
made easily and plugged lines can be opened without 
the expense of digging them up. There is also a great 
advantage in having everything in sight. Lines can be 
followed and a pumper has a fair chance of learning all 
of his lines before he is ready for a pension. 

In the beginning many layouts are made in this way 
with the best of intentions of holding to the original 
plan, but as the years pass new lines are thrown in 
under the pressure of one emergency or another, and 
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trick connections are put in until the pumper must be 
something of a wizard to keep up with the puzzle. 

With large organizations it is possible to have a part 
of the engineering department take care of the pipe 
lines. Every line is plotted as soon as it goes in and 
every effort is made to keep this map up to date. Even 
though such a proceeding is not followed it still is pos- 
sible to have one man in the department who has the 
lines under his care. He is consulted on all extensions, 
cross-overs and tie-ins, and is in a position to hold them 
to the scheme laid out in the beginning. Large maps are 
complicated and cumbersome for general use but sketch 
maps of the various single lines, showing all connec- 
tions, etc., can be made of great value. They can be 
made up in the same size as the tank gauge sheets and 
kept in the same sort of binders. 

With long direct lines such as those between the tank 
farm and the various departments it is not so necessary 
to hold them on the surface although such a practice 
has many advantages. In some of the more modern re- 
fineries trunk lines have been carried in tunnels or in 
shallow concrete-lined trenches. Any scheme which gets 
away from the haphazard methods heretofore used is 
certain to be worth while. In plant modernizations and 
making extensions some consideration should be given 
to clearing up the tangle of lines which exists in so 
many refineries. Get the unused lines out, where it is 
possible to do so, and salvage them. Their value prob- 
ably will more than pay for the job. And in putting 
down a line it is well to figure that some day it may 
come out again. Keeping the lines in the clear makes it 
easy to take them out again. Unless the lines are kept 
in the open or at least kept from becoming a part of 
the usual bad tangle the cost of salvaging them may be 
higher than any possible value of the recovered pipe. 

In handling the various pumpings some care must be 
taken to prevent contamination. In the case of finished 
oils it is necessary to have a separate line for each 
grade. In the distillation department a slight contami- 
nation is not a matter of any great importance except 
on such oils as must meet a flash specification. Prac- 
tically everything going from this department must be 
further treated or refined. Naphthas of various grades 
may be handled over the same lines and by the same 
pumps from the running tanks to the refined oil depart- 
ment. Water white or kerosene distillates may be han- 
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dled together. Various grades of light lubricating stocks 
may go over the same lines, due attention being paid 
to flash. The heavy residual oils are sent over their own 
set of lines. Care must be taken that no lighter oils get 
into these lines as flash is important here. Tars must 
of course be kept in their own system but all of the 
lighter grades of fuel may be handled over the same 
trunk lines. In the case of fuels or other stocks which 
must be protected against wet or dirty lines, or fuels 
which are being pumped for shipment, provision should 
be made to circulate through the entire length of the 
line until the stream is satisfactory. Usually such cir- 
culation is from fuel storage through the lines and the 
pump and into cracking stock. Care must be taken that 
wax distillate and pressed distillate are kept apart. 
Often the so-called regular pressed (cold test about 
20° F.) and the zero pressed are kept in separate lines. 
Under some conditions, however, when the pumpings 
are large the same lines may be used for both. 


When cold weather comes on, steam must be put on 
many of the tanks. For one reason or another steam 
is kept on many tanks all year round. The heavy oils 
and tars must be kept hot in order that they may be 
pumped. As stated before, the coils in such tanks 
should be of the welded type as leaks may cause foam- 
ing from wet oil. 

Heat is also required on many oils that must be freed 
from water, as fuels, etc. For this purpose it would 
seem that some sort of dehydrating equipment such as 
a centrifugal spray would save considerable time and 
steam. With such equipment the oil could be pumped 
through an exchanger for heating then on through the 
spray where the water would be evaporated. The oil 
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going into storage would be clear and dry and the heat- 
ing would be done under the most efficient conditions. 
In most cases the oil is pumped into large tanks and 
heated by means of bottom coils to a temperature run- 
ning from 120° F. to 180° F. The water does settle out 
but all this takes time and the coils are not particularly 
efficient as heaters. 

Another winter job required of pumpers is to see that 
all valves and valve boxes are properly protected against 
freezing. Spent percolation filter clay makes an ex- 
cellent packing for valve boxes. 


It is not always fully appreciated by all concerned that 
the source of ail yield figures are the agencies handling 
the transportation of the oil in the refinery. The proc- 
ess yields, the still percentages, etc. are all taken from 
figures derived during the gathering and transfer of 
stocks. The commonest record is the pumper’s log 
sheet. The form of this is more or less standard the 
world over and is shown in Figure VI. On this log 
are entered not only the transfers but a record of all 
activities of the pump house. It not only shows the 
stocks transferred but also shows what lines are in use. 
Often there are valves on through lines which are lo- 
cated in the area covered by the pump house or certain 
valves must be closed or “bucked” while other depart- 
ments are pumping. These operations all are shown 
on the log. Some concerns take all of their figures di- 
rect from these sheets. Others use in addition to the 
log a transfer sheet. This sheet is practically a dup- 
licate of the log in form but in addition to transfer 
figures, gauges, etc. of the pump house itself it is the 
practice to call the other end of the line after a pump- 
ing and enter their figures for the oil transferred. Any 
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difference in the two sets of figures is noted and is 
either checked and corrected or explained. Such a prac- 
tice is good. It enables an immediate check on any dif- 
ferences by the men who did the work while the whole 
matter is fresh in mind and the tanks have changed 
very little. These transfer sheets are sent to the office 
and from them the yields are taken. Several carbon 
copies usually are made. 

The log and transfer sheets record all transfers but 
all tanks are not in use every day. It is of course pos- 
sible to dig back through the log and get any figures 
that may not show up at once, but most concerns check 
the level of oil in all tanks every day, at or about 7 a.m. 
With these gauges temperatures are taken and the tanks 
are thieved for water. It is also the practice in many 
plants to run a set of gauges on all still running tanks 
every shift. These usually are made about an hour be- 
fore the end of the shift. They may be taken by one of 
the pump house force and sent to the stills or they may 
be picked up by a man from the stills. In this way the 
room in each tank is known and plans may be made to 
keep the various stocks moving. 

For general refining work the outage gauge is used 
rather than the innage gauge. This method is suffi- 
ciently accurate for the purpose and is much faster and 
more convenient to use. An occasional check should be 
made to see that the gauge points on the tanks are cor- 
rect. Sometimes a cover may slip or the edge of the 
hatch may become so worn as to affect the accuracy of 
the gauging. 

The only point where the use of special type tanks 
must be considered is in the storage of naphthas or 
light products or in the still feed tanks for certain 
grades of crude. Here floating roofs, special vent de- 
vices can be used with profit to prevent loss due to 
evaporation or to the breathing of the tanks. In some 
cases a battery of tanks may be hooked into a small 
recovery system through which the tanks breath. 

Practically all tanks are provided with safety steam. 
This is carried to the tanks from the regular steam 
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Transportation flow sheet, cracking department 
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lines. The control valves are placed in manifolds at 
some distance from the tanks and in a position where 
the steam may be put on without danger to the oper- 
ator. Care should be taken that all concerned are thor- 
oughly familiar with the location of the valves and 
the application of the steam to the tanks. These lines 
usually are blown out and tested twice a year. In main- 
taining them the principal difficulty comes from the 
splitting of lines and valves due to freezing. It is hard 
to prevent small drips, and often old valves will leak. In 
freezing weather some attention should be paid to this. 


The same difficulty is met with foam lines. In addi- 
tion to this the aluminum sulphate solution often picks 
a weak spot in a line and chews its way through. The 
foam lines should be blown out with air about once in 
every two months. 

The special fire risk is of course in the handling of 
naphthas and the lighter crudes. Stocks of this sort 
should never be pumped during a thunder storm and 
the lines are never blown with air. Many other safety 
measures are required by underwriters, by law, and by 
the operating companies. All of these must be consid- 
ered as a part of the transportation problem. 


Except in the case of heavy asphalts or of some spe- 
cial high melting point waxes, steam jacketed lines are 
seldom used in the normal operation of the refinery. 
The tanks containing the stocks are held at a suffi- 
ciently high temperature that the oil may be kept mov- 
ing once it is started. For heavy products which may 
give trouble high pressure pumps are used and the 
pumper generally watches his job closely until he is 
certain that it is moving right. Once the stream is 
through and the line is warm there is little danger of a 
plug, but there are times when really high pressure is 
needed to get the lines moving. With long wax lines 
connections are sometimes made at intervals where 
steam hoses may be hooked on and a plugged line 
opened by this means. In cold weather every care must 
be taken that all lines which may give trouble are blown 
with air before they are shut down. Lines are often 
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Transportation flow sheet, filter plant 













































































plugged due to a leaky valve or to the line being left 
open by mistake. In cold weather only constant vigi- 
lance will keep the lines open in which tars or waxy 
oils are handled. 

In pumping acid of the strength generally used for 
treating, iron or steel pipe may be used. This also ap- 
plies to soda or other reagents. A large portion of the 
acid will come from the acid recovery plant. To keep 
this up to strength and to replace losses, fresh acid will 
be brought in, but in neither case does this involve any 
special difficulties except the usual safety precautions. 
Pumps of the type used to handle acids in chemical 
plants may be used in the acid plant, but ordinary type 
pumps are used in the treating plant. In handling weak 
acids or other corrosive reagents regular chemical plant 
practice may be followed. 


Soda may come into the plant as a solid in drums, in 
which case it must be dissolved before use, but the 
usual method is to bring it to the plant in tank cars. 
The usual strength of this solution is 44° Be., which is 
diluted with water to any strength desired. 

Acid sludge to the sludge kettles is pumped through 
very short lines by specially designed pumps. The han- 
dling of acids, sludges, etc., has been fully treated in a, 
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previous article (REFINER, Vol. 12, No. 12, December, 
1933). 


The method by which acid sludge is pumped to the 
power house and stills for use as fuel will depend to a 
great extent on the sludge itself. Some may be mixed 
with lighter fuel, others will not dissolve in this at all. 
In most cases sludges can be transported well enough if 
they are mixed with a fairly heavy tar. This may be 
pressure still tar, still bottoms, or any tar of like nature. 
It has been found advisable to use brass lines for 
sludge. 

In the refinery there is a very considerable amount of 
dispatching to be done even though it is not always rec- 
ognized as such. Running tanks must be kept cleared; 
pumpings must be arranged so that there is no conflict 
in the use of lines; inventories of raw stocks must be 
kept up and finished stocks must be on hand for ship- 
ment. In each pump house the pumper must keep in 
mind all the lines in use in the area for which he and 
his helpers are responsible. He must watch his tanks, 
see that they are held at a proper temperature; that the 
running tanks are changed over before they run over 
and that they are pumped promptly. Feed tanks must be 
kept filled. The pumper is constantly called upon to find 
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extra lines to get from one place to another and this is 
often complicated by the fact that the lines are buried 
and are not easily followed out. As a matter of fact a 
far greater responsibility rests on the pumper in a large 
pump house than is generally recognized. And it must 
be noted that all of his problems, while intimately con- 
nected with the department in which he operates, are 
essentially the problems of the more general matter of 
transportation. 

This is not intended as a treatise on pumping. Most 
of the methods touched on are well established and well 
known but they are usually thought of and worked 


out only as a part of the operations of a particular de- 
partment. It would seem a distinct step toward modern- 
ization if the transportation facilities of a refinery were 
concentrated in a department of their own, with some- 
one at its head whose job is to study the whole situa- 
tion and keep it properly coordinated. This man’s work 
should not only cover the pumping of the various stocks 
but should also include the planning and layout of pip- 
ing changes, extensions, etc., proper maintenance, pump- 
ing schedules, and the thousand and one other items 
which must be brought together to properly organize 
the transportation system. 
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Selecting and Maintaining 


Electrical Equipment in 


V. R. CHADBOURNE 


N planning a new installation it 
is always well to keep in mind 
that maintenance is one of the ma- 
jor items of production costs. Con- 
sequently all equipment selected 
should be studied thoroughly to be 
assured that this cost is kept within 
reasonable limits. 

First cost can not be held to be 
the criterion of a good job but 
rather the cost of operation with its 
attendant upkeep. Simplicity of de- 
sign in the process and equipment 
used is worth striving for. Al- 
though refinery processes are be- 
coming more and more complicated 
yet the apparatus used need not 
necessarily reach a state that it is 
bewildering to the average repair 
man. It is still possible to make 
selections of electrical equipment 
that will meet the demands of mod- 
ern processes and hazards and at 
the same time be easily maintained 
by average mechanics. 

All industries have their own peculiar hazards and 
annoyances and the oil industry is no exception. Ex- 
plosive vapors and volatile oils require a more or less 
special technique in the installation and upkeep of elec- 
trical equipment used in oil refineries, while the corro- 
sive effects of the sulphuric and sulphurous vapors make 
desirable the use of oil-immersed or wholly enclosed 
controls and the use of protective plating on exposed 
contacting surfaces. 

In the selection of equipment for a process in an oil 
refinery the question of how much of it shall be electri- 
cal first must be considered. This will largely be gov- 
erned by local conditions. Steam and electrical gener- 
ating capacity of the plant have a great bearing on 
whether the larger power users such as compressors, 
pumps, etc., shall be motorized or not. 

Of course in the larger refineries there is usually an 
ample supply of either of these utilities and the ques- 
tion then evolves itself into one of steam balance. Most 
of these refineries have combined steam- and power- 
generating plants where all or a great portion of the 
steam generated is at high enough pressures to pass 
through the turbines for the generation of power with 
the exhaust still retaining enough pressure and heat to 
drive steam motived equipment or to be used in the 
process. In these plants then a close study must be made 
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Oil Refineries 


upon all new demands for power to 
determine if it shall be in the form 
of electrical power or steam or a 
combination of the two. 

Should the refinery have such a 
large demand for process steam that 
some must by-pass the turbines 
through reducing valves then new 
equipment should be motorized. On 
the other hand should the steam de- 
mand of the process be such that 
the generation of the power load 
produces more steam than the proc- 
ess could use it would be well to 
consider all new equipment as 
steam-driven. 

However, most problems are not 
so simple and the usual solution ad- 
mits both types of power drives es- 
pecially where spares are necessary. 

For instance on a modern unit it 
was desirable to use more motors 
than turbines in order to balance 
the exhaust steam system. At the 
same time if the unit were wholly 
motorized a power failure would be disastrous. 

It was designed wherever possible with motor drive 
with steam turbine spares. The chearging pumps which 
were the largest consumers of power, were divided into 
two pumps in parallel, one, the larger, carrying three 
quarters of the charge motor driven and the other nor- 
mally carrying one quarter but capable of carrying one 
half of the charge, turbine-driven. In event of power 
failure the turbine-driven pump would automatically in- 
crease to its full capacity which was sufficient to pre- 
vent coking until the electrical service could be restored. 

But steam balance is not the wholly deciding factor 
in determining what shall be motorized. Continuity of 
service, variable speeds, starting torques, as well as 
other questions rise to make the choice difficult. 

Doubtless a motor may be obtained to fit any condi- 
tion if one is not averse to paying the price. Ordinarily 
the constant-speed induction motor or synchronous 
motor would seem to be first choice of most engi- 
neers, as these entail no complications in the way 
of starting equipment besides providing good efficiencies 
and power factors as well as low maintenance costs. 

The requirements of flow control are such on most 
process units that these cannot be met with an ordinary 
slip ring motor, unless it were designed with a great 
number of steps in the resistance to give fine speed ad- 





23 





justments. Then also the waste of power entailed in 
such a method is considerable when it is considered that 
many refinery units operate over 7000 hours per year. 

Flows of smaller quantities can be controlled success- 
fully by using a type BTA motor with a pilot motor 
operated from a flow control. 

A new development not yet commercially available is 
a thyraton motor which is expected to overcome most 
of the present disadvantages of a variable speed AC 
motor. 

Gear motors can be used satisfactorily for small 
drives. They are especially adapted where a wide range 
of speed is desired at times and where the set-up for 
that condition:need not be changed often. 

However, the best flow control of quantities of oil is 
obtained from steam-driven equipment either alone or 
in conjunction with a motor as outlined previously. 

The type of motor such as open, fan-cooled, splash- 
proof, or explosion-proof, to use depends upon the kind 
of service in which it is to be placed or the character of 
the locality. 

In every refinery there are portions which may be 
classed as hazardous, others as semi-hazardous and 
some as non-hazardous. In making a selection of elec- 
trical equipment the type of area in which it is to be 
located must be kept in mind. 

Standard open motors and starting equipment may be 
safely used in a non-hazardous area yet due to corrosive 
gases the upkeep and outages may be excessive. 

Where this is true it may be worth while to use plated 
contacts or better oil-immersed equipment. 

Although standard open type motors are still used to 


a-great extent in the oil industry yet it would seem only 
a question of time until their use is discontinued. This 
will occur partly because they are not as safe as the 
newer types and will gradually be out-lawed by safety 
rules, but more because of the additional maintenance 
and upkeep required of them. 

It is impossible to keep the windings of a standard 
motor used in an oil refinery free from oily dust and 
grease. This results in the necessity of numerous clean- 
ings and eventually the breakdown of the insulation. 

Totally-enclosed motors such as explosion-proof ones 
tend to prevent the destruction of ‘the insulation from 
such causes and thus prolong the life of the motor, les- 
sen the maintenance cost and reduce the number of out- 
ages of the equipment driven by them. 

This type of motor is also useable for out-of-door 
installation without additional weather protection, a 
great advantage around refineries where the use of en- 
closures is avoided wherever possible from both the 
safety and economic standpoint. 

The use of explosion-proof motors is becoming more 
and more general because nearly all process units have 
some areas that can be considered hazardous. Just how 
far such an area extends is dependent largely upon the 
local conditions existing at the moment. These may vary 
from day to day or even from hour to hour. According- 
ly to be safe it is well to use explosion-proof motors 





Explosion-proof motors, each coupled to a centrifugal pump 
operating out of doors in a large Texas refinery 
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Control room at the solvent refining plant in a large 
refinery. Lighting panel in the background. 


even though they might not be installed in an area that 
could be termed hazardous. 

In defining the extent of hazardous areas it is impos- 
sible to set any but arbitrary limitation. One state has 
formulated an electrical code for the oil industry within 
its borders and in it has resorted to arbitrary measure- 
ments in an attempt to define the limits of hazardous 


localities. A committee on motors, and motor controls 
which is a sub-committee of the Standardization Com- 
mittee of the American Petroleum Institute is also up 
against the same problem in trying to set up rules or 
suggestions for the use of certain types of controls. In 
so far as motors are concerned it would seem well then 
to use only explosion-proof ones in those sizes in which 
they can be obtained. In the larger sizes and higher 
voltages which have not received underwriters approval 
it would be wise to use motors built along the same de- 
sign as the smaller approved ones. An exception to this 
might well be made in the very large sizes where such 
a motor built to that design would be very expensive 
compared to a base ventilated one. If the ducts to the 
latter could be piped from a locality into which the 
chance of the introduction of explosive vapors would 
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be remote then there should be no objection to its use 
even though the motor itself were installed in an area 
that might be termed hazardous. 

In the selection of a motor it is sometimes necessary 
to take into consideration that at times process units 
are pushed to their limits. If there is a possibility that 
change of stocks will produce an additional load or if 
the average load is such that a motor to fit it must at 
times be called upon for additional capacity then the 
motor chosen should have a service factor great enough 
to carry this increase without damage to it. 

With a standard open type 40°C. rise motor adequate 
overload protection is afforded when the temperature 
overload relay is rated at 115 percent of the rated load 
current of the motor. This gives a 15 percent ° ‘service 
factor.” 

Totally-enclosed fan- cooled motors of the Class I 
Group D construction do not normally bear a service 
factor on the same plate. The demand: for enclosed 
motors in the popular sizes with the same dimensions 
as open motors, for a given horsepower rating, make it 
necessary for motor designers to use the highest tem- 
perature rise permissible for the type of insulation used. 
Since Class A insulation generally is used, a limiting 
temperature of 55°C. is applied. 

If a motor were designed to actually rise 55 degrees, 
and if the ambient temperature were 40°C., as usually 
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is assumed, no overload could be carried. As a matter 
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Explosion-proof disconnects on motor branch feeders, 
mounted out of doors. 








of fact, however, the designers retain some margin 
under the limit of 55 degrees for often the ambient 
temperature is not as high as 40°C. This means that 
under such conditions these motors do have a small 
overload capacity. However, if an overload capacity 
as much as 15 percent is required, a larger frame with 
a normal load rating of 40°C. rise is necessary. 

Frequently in the southwest where a great many re- 
fineries are located and where the normal summer tem- 
peratures are high the room in which a motor must be 
placed has at certain periods of the year high ambient 
temperatures. With an explosion-proof motor using 
Class A insulation a motor of size larger than actually 
necessary must be used to prevent excess temperatures. 
By using Class B insulation a motor of the size desired 
can be used with a gain in efficiency and price because 
with such insulation the motor can safely withstand 
the high temperatures. 

This small gain in efficiency is very important when 
one considers that in the oil industry the time of opera- 
tion is nearly continuous. 


The voltages to be used on any installation are more 
or less standardized ; 440 or 220 for. the smaller motors 
with a decided preference for the former and 2300 volts 
for the larger ones. 

The size of motor to, be used on either voltage is 
limited somewhat by the manufacturers in that the 
smaller size are not standard in 2300 volts, but more by 
economic reasons in that it is cheaper to install the 
larger sizes at the higher voltages. Around 50 horse- 
power is a good dividing point although if only one or 
more motors in a group were but slightly larger or 
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smaller than that it might be advisable to make them 
the same voltage as the rest of the group. 
Across-the-line starting is the simplest form of 
equipment for energizing a motor and is satisfactory 
for most conditions. However, if a refinery is tied in 
with a utility in nearly all instances that companies rules 
apply to the size of motor allowed to be thrown directly 
across the line. Slow-speed motors present no difficul- 
ties in this respect even if of several hundred horse- 
power but motors of that size in the 3600 revolutions 
per minute speed class set up severe electrical disturb- 
ances on the line due to the greater inrush of starting 
current. These may be started with reduced voltage 
starters with considerable reduction in line surges. 


Although starters and disconnects of the explosion- 
proof type may be installed at the motor yet the trend 
as recommended in the National Electrical Code is to 
install these in a control house situated in a gas-free 
area. This is a very desirable procedure as repairs 
which become necessary from time to time as well as 
frequent inspections, may be made in safety in the con- 
trol house. In the event of repairs torches and solder- 
ing pots can be used there, an impossible act from the 
safety standpoint if attempted near the motor. 

Occasionally it may be necessary to check the elec- 
trical load on the motors. Testing instruments may be 
used safely in such a control room. If these are in- 
serted in the circuit near the motor a new hazard is 
created, nullifying the installed explosion-proof equip- 
ment. 

Also the use of a control room in a gas-free area 
permits the use of starting devices and disconnects 
other than the explosion-proof types. This is impera- 
tive in the larger sizes. If one desires to use fused dis- 
connects in place of more expensive ones of equal in- 
terrupting capacity it would then be permissible to do 
so. Whereas, in a hazardous area the use of fuses is 
limited to the small sizes in explosion-proof enclosures. 


Until recently the fused knife switch was the only 
practical equipment available for a circuit disconnecting 
and short-circuit protective device. 

There has been developed lately a very satisfactory 
enclosed and explosion-proof breaker for this service. 
It is manually operated, quick make and quick break, 
with an overload tripping device. It cannot be held 
closed against a short circuit or overload in excess of 
the value for which the tripping device is set. 

With such a breaker, whenever the trouble in a cir- 
cuit has been cleared service can be immediately re- 
stored without the time spent in obtaining and replac- 
ing the fuse. It has a feature valuable to a maintenance 
man in that the tripping element normally is sealed 
against tampering and can be changed only by sub- 
stituting one of a different rating. 


These breakers are able to interrupt currents of great 
magnitude because of their extremely rapid action in 
opening and their type of design. 


Although the use of standard controls would be per- 
mitted in such a control room yet due to the corrosive 
vapors prevalent in a refinery the use of oil-immersed 
equipment, or better, oil-immersed explosion-proof 
types, will cut repair costs due to reducing maintenance 
due to corrosion to a minimum. 


Motors with high inertia drives have a relatively 
long starting period. For this condition the temperature 
overload relay must be set so high that very little pro- 
tection is given the motor. To meet this condition a 
saturated core current transformer is used between the 
relay and the line. By this means the current in the 
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heater element when starting is less than proportional 
to the line current. Proper selection will then permit 
starting with heavy currents flowing and the relay hold- 
ing in, and still provide adequate protection on normal 
running loads. 

Short-circuit protection can be provided on the smaller 
low-voltage motors by means of fuses if in a gas-free 
area or otherwise by explosion-proof air break or oil- 
immersed switches. 

Thermal elements which are calibrated for one rating 
and cannot be changed without replacing the heater 
coil are very desirable in that they cannot be tampered 
with and do not allow setting beyond the safety range 
of the motor whenever a process desires to increase the 
load on the unit. 

The higher voltage motors due to the larger inter- 
rupting capacity require that oil circuit breakers be 
used. 

The question of interrupting capacity of breakers 
both on individual large motors as well as the main 
breakers of any unit is one that should never be over- 
looked, especially if there are possibilities of power 
growth with greater line and generating capacity. A 
great many refinery power systems generate at 2200 
volts with no step-up or step-down transformers be- 
tween the generators and the 2200-volt load. Unless 
current limiting reactors are used in each feeder circuit 
high interrupting capacity circuit breakers must be 
used. The cost to obtain breakers of sufficient inter- 
rupting capacity is negligible when compared to the ex- 
pense incurred by the break-down of one of insufficient 
capacity. 


Individual Circuit Breakers 


Where a group of large motors have individual cir- 
cuit breakers as well as a main breaker the individual 
breakers must have as great an interrupting capacity as 
the main if it is desired to lose only the motor on which 
a short circuit has occurred. If it is possible in the 
process to lose the whole group without serious trouble 
then circuit breakers of smaller interrupting capacity 
can be used provided they be latched in against such 
an eventuality with the main breaker acting. 

Silver-plated contacts on disconnecting switches as 
well as on the contacts of circuit breakers due to the 
fact that silver oxides have nearly the same resistance 
as clean surfaces, tend to keep down temperatures. This 
is highly important on those circuits carrying heavy 
currents as inspections and cleanings need not be as 
frequent while the life of the oil in the switch boxes 
is increased due to the lower temperature and less car- 
bonization. 

Conduit systems should be ample for the installed 
electrical equipment with some spares in the main runs 
for future additional equipment. These cost very little 
when installed in the construction period but are some- 
times very costly as well as unsightly if patched on the 
system later. 

Conduits should be protected from mechanical 
dangers as well as fire hazards. Rigid conduit or fiber 
duct under ground encased in concrete gives adequate 
protection. 

Precautions necessary for hazardous areas, such as 
sealing off conduits with sealing fittings are also good 
practice even when conditions are not considered haz- 
ardous. It is playing safe and at the same time keeping 
out corrosive vapors which might tend to increase main- 
tenance. 


Of course if an area is judged dangerous enough to 
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warrant the use of explosion-proof motors common 
sense suggests on all new constructions the installation 
of explosion-proof lighting fixtures and a complete ex- 
plosion-proof conduit job including explosion-proof re- 
ceptacles and hand lamps if such be necessary. 


The use of explosion-proof type of condulets (fix- 
tures and switches excepted) is not going to increase 
the first cost greatly while the benefits from the main- 
tenance standpoint will soon pay the added cost. A com- 
pletely sealed system means no trouble from corrosive 
gases entering switches while the condulets with screw 
covers offer greater convenience in making connections 
and in insuring a tight job. 

Fully-enclosed lighting panels save the maintenance 
man much annoyance, especially where the panels used 
are explosion-proof with some form of breaker instead 
of a fuse. 


Lighting panels of the standard type if exposed to 
corrosive gases require considerable attention even 
though switches, fuse clips, and fuse contacts are plated 
with some corrosion-resisting metal. 

Conduits run in the open on units subject to numer- 
ous flashes or fires often cause excessive maintenance. 
One company, around the furnaces of a cracking unit 
where flashes are frequent, used a method of protec- 
tion that has paid for itself many times over since its 
installation. All conduits of power, lighting, or thermo- 
couple lead wire are covered with pipe covering similar 
to that used for steam lines. As additional protection 
this covering is encased with a thin metal sheet. When- 
ever possible the lines are grouped and one covering. 
placed over the group. With this protection flashes 
burn nothing but the flexible connections to the couples 
and some of the smaller branches of power and light- 
ing. It must be a severe fire to injure any of the main 
conduits. At the time this was first installed thermo- 





Explosion-proof lighting panel mounted out of doors. 
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couple lead wire costing $0.30 per foot was being used. 
Consequently it paid off in a hurry, to say nothing of 
the time saved in putting the unit back in service. 

Good looking open conduit runs do not necessarily 
decrease maintenance but they are the mark of good 
workmanship and certainly every worthwhile construc- 
tion man strives for a good looking job. Where bends 
are necessary and standard elbows do not make a uni- 
form job it is well with a number of conduits running 
parallel, to make a form or template for the entire 
group and fit all bends and offsets in it before assemb- 
ling in the run. To do good work on medium and large 
size conduit, it is necessary to use some form of bend- 
ing device in order not to crush or kink the conduit. 
Home made benders can be constructed at small ex- 
pense that are serviceable and satisfactory. 

Conductors for use in refinery service, because of 
their long continued use and the presence in most loca- 
tions of conditions tending to deteriorate and reduce 
the safe life of the insulating and protecting materials 
surrounding the conductor, should be of a higher grade 
than used for ordinary installations. Conditions tend- 
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ing to injure the installation may be long hours with 
moderate or higher temperatures, moisture, oil, chemical 
fumes, etc. 


The use of stranded conductors on all but smallest 
sizes facilitates installation and removal and avoids 
breaking. 

Underground cables where there are possibilities of 
moisture entering through leaks or through condensa- 
tion should be lead-covered. This is particularly desir- 
able in installations in older refineries where formerly 
other types of processes had once been installed. The 
possibilities of acid action of the soil on conduits due 
to acid or sulphur in the ground are very great. Conse- 
quently added. protection on the cables, especially those 
containing higher voltages, may be of advantage. 

Oil resisting insulation should be used on all cables 
for portable use as it is impossible to prevent them 
from being at some time in contact with some form of 
the oil being processed. In fact practically all the wires 
and cables not lead-covered should have this insulation. 


Portable cords are dangerous implements and their 
use should be curtailed as much as possible. A good 
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lighting system will minimize their use. However, when 
they must be used, approved devices should be installed 


and these should be thoroughly tested and inspected 


regularly. 

Where volatile liquids or gases are handled in the 
process, grounding is a good protection against possi- 
bilities of static discharges. Of course static charges 
can and do occur where heavier oils are handled but 
the possibilities of ignition occurring are much less. In 
the dryer climates static charges build up more readily 
while in those of great humidity such as in the Gulf 
Coast region these do not seem to be so prevalent. 

True maintenance consists of inspections and minor 
repairs made frequently enough to forestall major re- 
pairs until such become necessary by the natural course 
of time. 

It is impossible for any repair man to be certain of 
time of inspection and condition of the apparatus unless 
records are kept. These may be very detailed or not, 
depending upon how closely one wishes to check minor 
repairs. They should, however, list dates of inspect:ons 
and all major changes. 

A card index listing all the essential data of each 
piece of apparatus to be inspected is of great value. A 
form shown is one issued by one of the larger electrical 
manufacturers in listing motors. Repair parts bulletins 
bound in book form then may be referred to readily 
from this data, making an invaluable combination in 
obtaining and replacing damaged parts. The ability to 
at once locate the manufacturers catalogue numbers of 
the parts needed is a source of satisfaction to anyone 
who has wrestled with the problem of maintenance. 

If many changes or repairs are necessary it is helpful 
to keep a complete history. As this requires considerable 
space a loose-leaf file with individual sheets for each 
unit provides it. 

Where a major repair is made, such as on a large 
turbine drive, then a complete record of all repairs and 
clearances must be kept for these details are invaluable 
at the next inspection in checking whether faults have 
been corrected. It should show the actual condition of 
the machine as found with respect to valves, governor, 
mechanism, bearings, wheel clearances, and if possible 
vibration readings before it was shut down. Any evi- 
dence of corrosion should be noted carefully. Where 
this is taking place the use of photographs at each 
internal inspection will show visually to what extent 
this is progressing and whether the steps taken to 





combat it have been successful. When the machine is 
reassembled records should be made of wheel clearances 
and vibrations. 


Where a main control room is used with numerous 
conduits leading to the various parts of the unit, restora- 
tion of service after interruptions is speeded by the 
proper labeling of the various controls either by name 
or number corresponding to the apparatus driven, The 
danger of tripping out the wrong circuit whenever any 
apparatus is to be shut down is also avoided. 


As maintenance men often are changed or regular 
men not available during an emergency it is a great aid 
to have at hand a print of the various circuits and the 
apparatus connected thereto. This print can be framed 
and hung on the control room wall, or if too large may 
be kept rolled in a suitable metal container. 

Whenever an inspection reveals some repairs are nec- 
essary beyond the minor ones that the inspector can 
perform readily, some form of report in writing should 
be made. This should go to the one who has the proper 
authority to investigate further and issue a work order 
should it be deemed necessary to make these repairs. 
Again, how detailed this report should be or through 
what hands it should pass depends upon the set-up 
within the company or department. 

On the larger refining units it is impractical to make 
more than minor repairs on the main charging drives or 
fan motors while the unit is in service, Consequently 
all work orders are saved until the process unit comes 
“off stream” when an intensive repair program takes 
place. At that time rigid inspection must be made that 
no potential fault be overlooked and bring the unit down 
off schedule. 


Even the routine of oiling and greasing bearings 
should be made a matter of record with these kept. for 
reference by some one in authority so that the mechan- 
ic’s acts may be checked in case of failures of bearings 
either to lack of attention or to the improper use of oils 
and greases. 

An aid in forestalling trouble is some form of ground 
detector. This of course would not be explosion-proof, 
but where a control room is used an instrument or a 
bank of lamps will readily show that such trouble has 
occurred and means can then be taken to correct it 
before any further damage can take place. Meggar read- 
ings taken and recorded regularly are also a great aid 
in guarding against a gradual break down of insulation. 
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A Simplified Method for 
Absorber Design 
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BSORPTION of the soluble components from a 

vapor mixture by means of a liquid solvent in a 
continuous countercurrent absorber has been made the 
subject of numerous studies, and the physical laws 
which govern the process are now well known. In gen- 
eral, the equilibrium relations of the one or more solu- 
ble components, the material balances on each com- 
ponent throughout the absorber, and the number of 
equivalent theoretical plates determines the composition 
of the streams from the tower. In the graphical solu- 
tion of an absorption problem, an equilibrium curve is 
constructed from vapor pressure data, an operating line 
is constructed from an equation representing a material 
balance, and the number of theoretical plates required 
is found by counting the steps in a “staircase” con- 
structed between the equilibrium and the operating 
lines. It is frequently desired to calculate the perfor- 
mance of absorbers recovering casinghead from a com- 
plex mixture of field or refinery gases, and particularly 
to estimate the amount of butane recoverable at various 
operating conditions: In solving a problem of this type 
the calculations can become very laborious, due partly 
to the large number of components present in the wet 
gas entering the absorber; moreover, the data obtained 
on operating equipment must be supplemented by vari- 
ous assumptions, and during the calculations the effect 
of these assumptions on the final result can be easily 
obscured.’ In order to overcome these difficulties, a 
systematic method of performing the work has been 
developed and is presented here. The new features in- 
corporated in this method are first, a choice of co- 
ordinates such that the operating line is always linear 
with a slope of unity, and second, the use of equations 
in which the units of measurement customarily em- 
ployed in the plant can be substituted directly. 

In the absorption of refinery gases the operating con- 
ditions, as determined by economic considerations, are 
usually such that the recovery of pentane and of all 
components of higher boiling point is substantially com- 
plete ; moreover, the rich oil is saturated with respect to 
propane and all components of lower boiling point, so 
that the operation and design of absorbers are usually 
controlled by the recovery of the butane fraction. Even 
when there is sufficient variation in the recovery of the 
other components to be of economic importance, the 
butane recovery should still be considered because of 
its effect on the molar overflow and tower temperature 
(due to heat of solution). For this reason the method 
has been developed particularly with regard to butane. 

A basis of 1000 cubic feet (1M cu. ft.) of wet gas, 
measured at 60°F. and at atmospheric pressure, has 
been chosen. A table of nomenclature defines the sym- 
bols used below. The operating line for butane is given 
by the equation: 

B,. = Bo oe Bp (1) 
which states that the M cu. ft. of butane rising to any 
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plate is equal to the M cu. ft. of butane dissolved in 
the overflow from that plate plus the M cu. ft. of butane 
leaving in the dry gas. 


The equation for the equilibrium line is: 


P Bo 
B*=k (-) . (2) 
m7} (0.3790 + Vxo) 
where Bo, the butane dissolved in the overflow, is the 
independent variable. While this equation is not the- 
oretically exact, it has been found that further refine- 
ments do not appreciably change the position of the 
equilibrium curve. A Raoult’s Law correction factor, 
k, is shown; a value of 1.1 is recommended. The fol- 
lowing procedure is given for evaluating the unknowns 

in the above equation. 





CALCULATION OF THE KNOCKOUT Vxo 


When the gas streams to and from the absorber are 
metered, the knockout is obtained by dividing the con- 
traction in volume by the volume of wet gas. When one 
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PERCENT BUTANE RECOVERY 


FIGURE 2 


of the gas streams is unmetered, but the temperatures 
of all the streams are known, the knockout can be cal- 
culated by the use of Equation (5) below. In the ab- 
sence of test data or in the design of absorbers the 
knockout can be calculated from the oil-gas ratio and 
the composition of the wet gas by either of the follow- 
ing equations, the first to be used when the oil-gas ratio 
is expressed as mols of lean oil per M cu. ft. of wet gas, 
and the second when the oil-gas ratio is expressed as 
mols of lean oil per M cu. ft. of dry gas. 
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The above equations assume complete recovery of 
pentane and heavier. The propane and lighter dis- 
solved is given by an empirical term which has been 
found to check satisfactorily with plant tests. It will 
be noted that this term shows the amount of propane 
and lighter to be inversely proportional to the vapor 
pressure of propane at the lean oil temperature. The 
amount of absorbed butane, Bxo, can be roughly esti- 
mated by multiplying the mol fraction of butane in the 
wet gas, Bw, by the percent butane recovery read from 
Figure 2. At this stage a rough approximation of Bxo 
is satisfactory, as the resulting error in the knockout 
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will be too small to alter noticeably the position of the 
equilibrium line which is to be used in the plate-to-plate 
calculation of Bxo, The value found can then be substi- 
tuted into the equation if it is desired to obtain the cor- 
rect value for Vxo, the total knockout. If the dry gas is 
metered, but not the wet gas, the wet gas rate can now 
be obtained by dividing the dry gas rate by (1 — Vxo), 


CALCULATIONS OF MOLS LEAN OIL 


Usually the lean oil rate is known in gallons. In 
order to convert this to mols, it is necessary to multiply 
the lean oil rate by the Ibs. per gallon corresponding to 
the gravity of the lean oil, and to divide by the molecu- 
lar weight. The molecular weight of the lean oil is 
equal to the molecular weight of a pure paraffin hydro- 
carbon having the same boiling point as the temperature 
at 50 percent off on the A.S.T.M. distillation curve. 
Mols of lean oil is divided by M cubic feet of wet gas 
in order to obtain O, used in Equation (2). 


CALCULATION OF THE RICH OIL TEMPERATURE 


In the absence of test data, or in design problems, it 
is necessary to estimate the temperature of the rich oil 
in order to find the vapor pressure of butane at the 
bottom of the tower. The rich oil temperature is higher 
than the lean oil temperature due to heat of solution of 
the dissolved components. The temperature of the rich 
oil can be calculated by a heat balance, which is con- 
veniently expressed by the following equation: 


c Vxo Tay gen T wet gas 


Trich of1 = Titean ot1 + —8 (5) 
R R 





The heats of solution of various pure paraffin hydro- 
carbons are found to be a linear function of molecular 
weight, from which: 

C= 120 (Ave. MW of Knockout) — 400 (6) 

The calculation of the rich oil temperature by this 
method has been checked by several plant tests. 

It is assumed that P, the vapor pressure of butane, 
varies linearly with Bo. It is also assumed that the 
average vapor pressure of the butane fraction will be 
somewhat nearer to that of normal butane than to that 
of isobutane. The tower pressure, 7, is expressed in the 
same absolute pressure units as P. 


NUMBER OF PERFECT PLATES 


It has been shown how each unknown of. Equation 
(2) can be calculated. Of these unknows, all are con- 
stants for a given operation except Bo, the independent 
variable, and P, the vapor pressure of butane, which 
is a function of Bo. The equilibrium value of butane, 
B*, can then be calculated for several values of Bo, 
and the equilibrium curve, B* vs. Bo, is then con- 
structed. The operating line is also laid off with By 
plotted on the same scale as B*, both as functions of Bo. 
The slope of the operating line is unity, and the inter- 
cept is Bv, the M cu. ft. of butane in the dry gas per 
M cu. ft. wet gas. A “staircase” is constructed between 
the equilibrium and the operating lines, and the nuraber 
of perfect plates is counted. The number of perfect 
plates divided by the number of actual plates is the plate 
efficiency, discussed below. If the number of perfect 
plates is known, and Bp is unknown, a value of 
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Bo is found by trial and error which will check the 
known number of perfect plates. 


ILLUSTRATION OF METHOD 


A typical absorption problem is presented to illustrate 
the method. It is desired to calculate the percent butane 
in the residue gas from the absorber, and the correspond- 
ing butane recovery, from the following operating data. 


Composition of Wet Gas: 





eS Lins deewa\s 40.0 percent 
Ne a ode je gctie Lia 25.0 percent 
ig UR A Si 22.0 percent 
Eee aaa oe ae 9.0 percent 
ES ESS SR prea eee 4.0 percent 
100.0 percent 
Actual number of plates = 21 
Plate efficiency = 18 percent 


Oil to residue gas ratio = 90 gals./M cf. 

Molecular weight of lean oil—= 220 

Density of lean oil = 7.3 lbs. per gallon. 

Temperature of lean oil entering tower = 90°F. 

Temperature of rich gas entering tower — 90°F. 

Temperature of dry gas leaving tower = 95°F. 

Tower pressure = 63 lbs. per sq. in. ga.— 5.3 atm. absolute. 

It is seen that the equilibrium curves from the two 
trials are for practical purposes identical ; one trial was 
therefore sufficient to obtain the equilibrium curve, the 
first trial being shown merely for comparison. The 
corresponding operating lines are shown on Figure 1. 
In the first trial 2.4 perfect plates are required, whereas 
3.8 perfect plates are available (21 actual plates, 18 
percent efficiency). In the second trial the operating 
line was shifted (by trial and error) to give 3.8 perfect 
plates. It is not at all difficult to locate the proper 
position for the operating line if it is remembered that 
the operating line must average 0.078/3.8 = 0.021 units 
to the left of the equilibrium curve. 

From Figure 2 it is found that 0.012 M cubic feet of 
butane per M cubic feet of wet gas remain in the 
residue gas. The percent butane in the residue gas is 
found by dividing by (1 — Vxo) : 

(0.012/0.73) 100=1.6 percent butane in residue gas. 
The butane recovery is found by dividing the M cubic 
feet of butane dissolved in the rich oil by the M cubic 
feet of butane in the wet gas, or: 

(0.078/0.09) = 87 percent butane recovery. 


PLATE EFFICIENCY 


A number of tests have been made on absorbers in 
order to estimate their plate efficiencies. Calculations, 
made by means of the above method, give an average 
plate efficiency of 18 percent over wide variations in 
the operating conditions. A typical absorber consists of 
a six-foot diameter tower with 21 plates on 20-inch 
centers. The bell caps are 6%4-inch diameter, with 32 
slots, %4-inch by one-inch, with about 50 bell caps per 
plate. The bell caps and overflows are maintained in 
































_ TABLE 2 
Rich Intermediate Lean 
Trial I: Oil Points Oil 
PE PP eee: ae 0.07 0.05 0.03 0.0 
SS Rp ee 4.55 4.2 3.85 3.3 
(P) Bo 
B* = 1.1 ke Pre RS 0.06 0.04 0.022 0.0 
(5.3) 1.10 
Trial IT 
ie eke vin ui aiaid vi oe 0.078 0.05 0.03 0.0 
NEGA ath nO. & OWA-d v0 0 hs 80 | 4.6 4.15 3.8 3.3 
(P) Bo 
B* = 1.1 ——_———__.......... 0.068 0.039 0.022 0.0 
(5.3) 1.10 
32 














TABLE 1 
Trial I Trial II 
Mols Lean Oil: 
ee PE PED ois civ dss pnae 0. 0ceusianeeneewavn.> 3.0 3.0 
Knockout: 
MOU Gie C5h 5 vlc Win o v'c-wieh ap sie 6 cle weet ae ie 0.065 0.065 
MM i 4 nb/8 S00 8 ob 6 os SL aE OSL ED ER Pheu 0.22 0.22 
oF) “OR HBS 
Ps (vapor pressure propane, atm. @ 90 °F)..... 
O.B © (Ya 0:2 Va) fas os. oc eee c cet ees 0.205 0.205 
Bro = 0.09 x 0.87 (from Figure 2)..............:- cud 0.078 
ER Sr pert eae Rite ee wee Coe ee re 0.07 ee 
dick cass 5b Sees eo ack wod Ghee s cd icupnen cated 0.04 0.04 
0.315 0.323 
i I IR BEN cscs a lin cess cecccecwea oe 0.26 0.27 
Ratio Lean Oil to Wet Gas: 
ee Ss tak cab ues ease eee aS 67 66 
Temperature of Rich Oil: 
pe ee eee rrr eer Tree 50 50 
ie es gg iosdia cea 5600 5600 
yo GT | SSS ee nay terre eee 90 °F. 90 °F. 
EN hcg as t's ced Nawab atic or neue Coven te 21.8 22.9 
—8 (T dry gas — T wet gas) /R..............000- —0.6 —0.6 
pe | rire e- rere 111 °F. 112 °F. 
Vapor Pressure of Butane: 
I, do 55k cal pcesodedeasesann 3.3 3.3 
Fe eS EOE 4.5 4.6 
Overflow in Tower: 
GO. Sre O © O.S7e OUI — Vio) ooo oie ces ccceeseccn 0.84 0.83 
I ee icc oy wach ones sheewesasanve 1.10 1.10 














reasonably good condition. The same efficiency has also 
been found for absorbers equipped with 44-inch bell 
caps. The top of the slots is about two inches below 
the oil level maintained on the plates. 


BUTANE RECOVERY 

It is desirable to know the relation between the per- 
cent butane recovery and the oil-gas ratio for plant 
control purposes and for cost studies of absorber opera- 
tion. This relation has been calculated for 21- and 30- 
plate absorbers, using the wet gas composition given in 
the above illustration, for oil to residue gas ratios from 
30 to 150 gallons per M cubic feet of gas. It is suggested 
that these curves (Figure 2) be used as a first approxi- 
mation for the value of Bxo in preliminary trials. 

The method herein presented lends itself readily to 
the solution of numerous problems which have gone 
unsolved in the past due to the laborious computation 
required. With a minimum of effort it should now be 
possible to determine the effect of varying the composi- 
tion of the wet gas, the lean oil temperature, the tower 
pressure, etc., on the recovery of gasoline fractions in 
the absorber. 


NOMENCLATURE 


Bo =M cu. ft. of butane in dry gas per M cu. ft. wet gas. 


By =M cu. ft. of butane in vapor to plate per M cu. ft. 
wet gas. 


Bo =M cu. ft. of butane dissolved in overflow from plate 
per M cu. ft. wet gas. 

Bxro=M cu. ft. of butane dissolved in rich oil per M cu. ft 
wet gas. 

B* =M cu. ft. of butane in equilibrium with overflow from 
plate per M cu. ft. wet gas. 


Vxo = Total M cu. ft. dissolved in Rich Oil per M cu. ft. 
wet gas. 


R =Gallons lean oil per M cu. ft. wet gas. 

O =Mols lean oil per M cu. ft. wet gas. 

O’ = Mols lean oil per M cu. ft. dry gas. 

Y; = Volume percent pentane in wet gas. 

Ys = Volume percent propane in wet gas. 

Yx = Volume percent lighter than propane in wet gas. 

a= = Tower Pressure. 

P =Vapor pressure of butane fraction. 

P; = Vapor pressure of propane at lean oil temperature. 
K =>Correction factor to Raoults law = Ty/PX. 


C =Function of M. W. of knockout, used to calculate the 
temperature of the rich oil. 
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URING the past few years there has been rapid 

development in processes employing solvents for 
the production of high quality lubricating oils from 
crude petroleum. This development has been such that 
it is now possible to produce lubricating oils of good 
marketable quality from crude oil formerly considered 
to be unsuitable for lubricating oil production. The 
more rigid specifications for lubricants which have re- 
sulted from the development of the automobile engine 
to its present state and the widening temperature range 
over which industrial lubricants are being used has 
made necessary the commercial use of processes capable 
of producing lubricants to meet these specifications. 
The value of solvent processes for production of high 
quality lubricants is obvious. Of more general impor- 
tance, however, is the fact that the decreased cost of 
such related processing steps as decolorization, clay 
treating, etc., may lead to substantial operating econ- 
omies. 

Solvent processes have for their main object the 
removal of such material as tars, resins, waxes, and 
various related groups. The presence of this material 
leads to undesirable carbon formation, rapid oxidation 
and sludging, high solidification temperature and rapid 
change in viscosity with temperature. Solvents used 
commercially include acetone, aniline, benzol, Chlorex 
(8, 8&’—dichloroethyl ether), cresylic acid, carbon 
tetrachloride, ethylene dichloride, furfural, methyl ethyl 
ketone, nitrobenzene, phenol, liquid propane, liquid sul- 
phur dioxide, toluol, and trichloroethylene. Individual 
solvents or mixtures of two or more solvents are used. 
Where a solvent mixture is used, the composition of 
the mixture is controlled to obtain the definite charac- 
teristics desired. Where more than one solvent is used, 
the application of each solvent may be in successive 
steps, or simultaneously. The latter procedure is fol- 
lowed in one commercial process in which two solvents 
of opposite characteristics are used. 


IMPORTANCE OF SEPARATING SOLVENT 
AND WATER 


Since water is practically always present in com- 
mercial operation of solvent plants, even in small con- 
centrations, its separation from the solvent is of especial 
importance for two reasons: first, most solvents must 
have a controlled water concentration if the character- 
istics inherent in a desirable selective solvent are to be 
maintained; and second, any solvent associated with 
excess water removed from the system represents a 
direct operating loss. The economic importance of the 
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Separation of Solvents and Water 
in Refining and Dewaxing of Lubricating Oils 





HERE has been rapid development in processes 

employing solvents for the production of high 
quality lubricating oils from crude petroleum. 
These processes include solvent refining and solvent 
dewaxing. The solvents used commercially include 
acetone, aniline, benzol, chlorex (ff’ dichloro 
diethyl ether), cresylic acid, carbon tetrachloride, 
ethylene dichloride, furfural, methyl-ethyl ketone, 
nitrobenzene, phenol, propane, liquid sulphur di- 
oxide and toluol. The characteristics of these sol- 
vents have been analyzed and their effect on the 
choice of the process to be employed for solvent- 
water separation in solvent refining and dewaxing 
plants has been indicated. (Bibliography of solvent 
properties has been prepared). Included in this 
paper are flow sheets of typical solvent refining 
and solvent dewaxing processes. The importance 
of separating solvent and water in these plants has 
been indicated. The various methods for separating 
water and solvent have been discussed and a num- 
ber of flow sheets illustrating these methods are 
included. In general, fractional distillation appears 
to be the most suitable method because of its 
adaptability to solvent recovery systems and the 
familiarity of the refiner with this type of equip- 
ment. It is necessary to study each problem and 
then decide which process is most suitable. 

This paper was presented before the 28th annual 
meeting of the American Institute of Chemical 
Engineers, Columbus, Ohio, and is published in 
Volume 31, No. 4 of the A.I.Ch.E. Transactions. 
It is presented here by permission of the Institute. 











second point is evident from a consideration of the cost 
of solvents, and of the magnitude of solvent losses 
which would result if no provision for recovery were 
made. The presence of water in the system can be 
readily accounted for. It may enter the system with the 
oil or solvent charge or through leaks in water cooled 
condensing and cooling equipment. When a plant is 
shut down for periodic inspection, repairs or other 
causes, the entire system is normally drained free from 
liquids and steamed out to completely eliminate all ma- 
terial of either a toxic or inflammable nature. This op- 
eration obviously results in the accumulation of con- 
siderable water in the system. When steam is used in 
the process for stripping the final traces of solvent from 
the oil, extract or wax products, the water introduced 
will be appreciable. 


OCCURRENCE OF WATER IN SOLVENT PLANTS 


A brief outline of solvent refining and dewaxing 
processes will show the points where water appears. 
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TyPical Flow Diagram 
SOLVENT REFINING PROCESS. 














FIGURE 1 


Figure 1 illustrates diagrammatically the essential steps 
in solvent refining. The raw oil to be processed is 
extracted by the solvent with subsequent phase separa- 
tion. The resulting solvent phase contains the extracted 
material (tars, resins, etc.) and the oil phase contains 
refined oil (raffinate) with a varying percentage of 
dissolved solvent. In general, water present in the system 
at this point will concentrate in the solvent phase. Each 
phase is then separately distilled in suitable apparatus 
for recovery of solvent, the recovered solvent being 
re-used in the process while the oil and extract continue 
to other processing equipment. Most of the solvent can 
be recovered as water-free solvent, but a certain per- 
centage is associated with water. The disposition of 
this latter material constitutes the problem to be solved. 
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SOLVENT DEWAXING Process 











FIGURE 2 
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Figure 2 illustrates diagrammatically the essential steps 
in solvent dewaxing. The wax-bearing oil is dissolved 
in a suitable solvent or solvent mixture, and the solution 
subjected to controlled chilling. Wax is thrown out of 
solution by this step and is separated from the solution 
by centrifuging or filtering. Any water in the mixture 
subjected to chilling simply solidifies. If the separated 
wax is centrifuged, the ice is associated with wax 
rather than oil solution because of its specific gravity. 
If the separated wax is filtered, the ice becomes a part 
of the wax cake formed on the filters. Water in the 
system thus is associated with the separated wax. Sol- 


4 ’ 





vent is recovered from the oil solution and wax by 
distillation, and is returned to the process for re-use. 
The equipment for recovery is of the same general 
type as that used in solvent refining. Flow diagrams of 
the more widely used solvent processes for refining 


and dewaxing have appeared in various publica- 
tions 1, 2, 3, 4, 5, 6, 9, 11, 12, 13, 15, 16, 17, 18, 19 


ELIMINATION OF WATER SOURCES 


The reasons for the presence of water in a solvent 
plant have been previously explained. Obviously, intro- 
duction of water from the sources mentioned can be 
minimized or entirely prevented. If the charge oil con- 
tains much water, it may be dehydrated before being 
delivered to the system for processing. There are a 
number of methods for removal of the last traces of 
solvent from oil without the use of stripping steam. 
Heating of the oil under a high dry vacuum is one 
method. Removal of the solvent by chemical treatment 
is another. One plant using an organic acid, effects re- 
moval of the final traces of the solvent by treatment with 
a solution of caustic soda. After separation from the 
oil, the resulting salt solution is then treated with strong 
acid to set free the organic acid. The complications 
of this method are obvious. An interesting method is 
that proposed by D. E. Stines’®. This is shown diagram- 
matically in Figure 3. Heated oil-solvent mixture is 
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_SOLVENT- RECOVERY SYSTEM (STINES) 
USING INTERMEDIATE DISTILLATE 














FIGURE 3 


introduced at an intermediate point of a fractionating 
column. In the lower section of this column, material 
added prior to the starting up of the operation accumu- 
lates. This material has a boiling range intermediate 
between that of the solvent and that of the oil. Near 
the bottom of the column a stream is withdrawn, circu- 
lated through a heater and discharged into the bottom 
chamber of the column. A temperature high enough 
to vaporize this intermediate material is maintained 
so that the vapors of intermediate material rising from 
the bottom chamber strip solvent from the liquid oil- 
solvent mixture flowing down the column. In so doing, 
the vapors themselves are condensed and flow back 
down the column with the now solvent-free oil. By this 
system the mixture subjected to heating contains no 
solvent, which is important if the solvent used is easily 
decomposed. The bottoms product from the column still 
contains some of the intermediate material, but this is 
removed by steam stripping in a separate stripping col- 
umn provided with a condenser. A narrow boiling range 
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petroleum fraction is suggested as the intermediate 
material, since condensation of the mixed vapors from 
the stripping column then provides an easily separated 
liquid mixture. The water is decanted and the petroleum 
fraction returned to the main column. Among other 
suggested methods may be mentioned one in which an 
inert gas is used as a stripping medium in place of 
steam and another in which propane vapor is similarly 
employed. The second method is especially applicable 
where liquid propane is one of the solvents used in the 
process. 


PROBLEM OF SOLVENT-WATER SEPARATION 


None of the methods outlined above solves the prob- 
lem of: how to eliminate water from sources other than 
stripping steam. Since control of water concentration 
must be provided for in any case, water originating 
from the use of stripping steam merely increases the 
size of the equipment required for the separation of 
solvent and water. The many advantages of using strip- 
ping steam are such that the added cost of equipment 
mentioned is relatively unimportant. 


CLASSIFICATION OF SOLVENTS 


For convenience of discussion, the solvents under 
consideration have been grouped according to the fol- 
lowing classifications : 

1. Solvents which do not form constant boiling mix- 

tures with water. 
a. Solvents immiscible with water. 
b. Solvents completely miscible with water. 

2. Solvents which form a constant boiling mixture 
with water where the mutual solubility of the two 
is small. 

3. Solvents which form a constant boiling mixture 
with water where the mutual solubility of the two 
is appreciable. 

The data given in Table 1 forms the basis for this 
classification. When mixtures of solvents are used, the 
solution of the problem of separation will depend on 
which component of the solvent mixture is associated 
with water. 


TABLE 1 


Properties of Commercial Solvents 














Solubilities 
at 100° F. 
Constant} Composition 
"¥r!| Sol- | Water | Boiling Constant 
. vent in Mixture, Boiling 
Boiling! in Sol- | Boiling Mixture Classifi- 
Solvent Point | Water; vent Point Overhead cation 
Deg. F.| Wt. %| Wt. %| Deg. F. |Wt.%Solvent 

Acetone........ 133 0.0 0.0 none none lb 
PR ae 364 3.8 5.6 209 23.1 3 
NS Seay er 176 0.16 0.11 none none la 
Carbon textra 

chloride...... 170 0.09 0.01 none none la 
CES Gos eoe 353 1.2 eee - Co 2 
o—Cresol.......} 375 3.0 14.5 210 6 3 
m—Cresol...... 396 2.5 14.5 210 6 3 
p—Cresol...... 396 2.2 16.5 210 6 3 
Ethylene di- 

chloride...... 182 oe 3°54... 158 91.8 2 
Furfural........| 323 9.0 6.5 208 35 3 
Methyl ethyl 

ketone....... 175 19.0 10.2 164 88.6 3 
Nitrobenzene...| 412 0.3 0.35 211 15.3 2 

(14) 

PR ois cis: 358 9.4 32.5 210 9 3 
yl ee —4s8 ORE eee none none la 
Sulphur dioxide. 14 FES Bas. Se none none 1b 
J RAS 231 COB fT ckies none none la 
Trichloroethyl- 

Gi cts 0 5) ee 0.16 0.05 167 2 
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Separation of Water and Solvents of Classification 1. 
The solvents listed under Classification l-a are benzol, 
toluol, liquid propane and carbon tetrachloride. Due to 
the extremely low mutual solubility of these solvents 
and water, separation by decantation is entirely satis- 
factory and losses of solvent in water are negligible. 


The solvents listed under Classification 1-b are acetone 
and liquid sulfur dioxide. Since acetone is miscible with 
water in all proportions, the separation is effected by 
simple fractionation in a suitably designed fractionating 
column. Due to the chemical reactions involved, the 
classification of liquid sulfur dioxide given is not en- 
tirely correct, but will serve for the present discussion. 
The characteristics of liquid sulfur dioxide are such that 
special precautions must be taken to avoid the presence 
of water in the system. The necessity for these pre- 
cautions is evident when consideration is given to cor- 
rosion difficulties which would otherwise result. Nor- 
mally, all entering streams are carefully dehydrated and 
water cooling equipment is constructed to avoid any 
possibility of leakage. 


One well known commercial dewaxing process uses 
a solvent mixture containing acetone and benzol. This 
mixture offers an interesting problem of water separa- 
tion since it is possible to have a mixture of the two 
and water. In the absence of acetone, separation of the 
mixture results in a benzol phase and a water phase. 
However, acetone is soluble in both benzol and water, 
and by distributing itself between the two phases in- 
creases their mutual solubility. To avoid complications 
in recovery equipment resulting from this, the concen- 
tration of acetone in the water phase is kept below the 
point where any appreciable solubility of benzol in the 
water phase would result. The special problem then 
ceases to exist. 


Separation of Water and Solvents of Classification 2. 


Solvents found under Classification 2 are Chlorex, 
ethylene dichloride, nitrobenzene, and trichloroethylene. 
Since most of the solvent is recovered free from water, 
the small proportion associated with water is passed to 
a separator. The solvent phase saturated with water is 
added directly to dry solvent since the water it contains 
is insufficient to affect the water content of the total 
solvent to a significant extent. The water phase satu- 
rated with solvent is processed as shown in Figure 4. 
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The saturated water is preheated and discharged into 
the fractionating column, from which the constant boil- 
ing mixture is removed as overhead vapor and water 
free from solvent as residue. Steam is admitted directly 
into the bottom of the column to supply necessary heat. 


Separation of Water and Solvents of Classification 3. 


Most of the commercial solvents occur in classifica- 
tion 3. Among these are aniline, o-cresol, m-cresol, 
p-cresol, furfural, methyl ethyl ketone and phenol. The 
methods used for separating water and solvents under 
this classification are varied and the problem has many 
interesting solutions. 


Furfural and Water. 


Considering furfural and water we find that the con- 
stant boiling mixture consists of about 35 percent 
furfural and 65 percent water. Condensation and cool- 
ing of this mixture yields two phases. The upper phase 
consists of water containing about nine percent furfural 
while the lower phase consists of furfural containing 
about 6.5 percent water. One factor of importance is 
that by concentrating furfural into a constant boiling 
mixture the quantity of material to be handled is a 
minimum. 

For the example chosen, there is a considerable shift 
in the solvent concentration between that in the constant 
boiling mixture and that in the solvent phase of the 
cooled condensate. This shift is sufficient to enable 
recovery of each component as a residue by fractiona- 
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tion of the two phases in separate columns. Figure 5 
shows a satisfactory method for doing this, and is essen- 
tially that described by W. K. Lewis’. The overhead 
vapor recovered from each is the constant boiling mix- 
ture so that there is some recirculation from the sepa- 
rator. The quantity of recirculation may be reduced by 
operating the water-removal tower under pressure and 
the solvent-drying tower under vacuum. 


Tar Acids and Water. 


For certain solvents this shift is so slight that a calcu- 
lation of the heat required for fractionation of the 
water phase makes this method uneconomical. This is 
true for a solvent mixture of the cresols and phenol, or 
for any of these particular solvents alone. Here an 
alternative method is to convert the saturated water 
phase into steam for use in the process as stripping 
steam®. This has been proved to be entirely practical in 





commercial application because of the difference in mol- 
ecular weights of the solvent and water and the fact 
that the stripping operation is carried out under vacuum 
at an elevated temperature. To take actual figures, let 
us assume the stripping operation is carried out at 100 
mm Hg. absolute pressure. The water phase used for 
stripping steam contains 2.5 percent by volume of sol- 
vent and 97.5 percent by volume of water. Inasmuch as 
the molecular weights of the solvent and water are in 
the ratio of six to one, we find that the mol percent of 
solvent in the vapor mixture amounts to 0.42 percent. 
Used as stripping steam at the absolute pressure indi- 
cated, the partial pressure of solvent is only about 0.4 
mm. At the temperature employed in the stripping op- 
eration the reduction in efficiency of stripping resulting 
from this small partial pressure of solvent is negligible. 
It should be noted that although this method takes care 
of the water present in the system by reason of steam 
stripping, it does not eliminate possible losses caused 
by water entering the system from an external source. 


Salting Out Method. 


An extraction method used for many years in the 
chemical industry is based on the principle of “salting 
out.” Various salts may be used, sodium sulphate, 
sodium chloride, etc. Selection of the most satisfactory 
salt can be made by determining the solubility of the 
solvent in salt solutions of varying concentrations. The 
operation may be carried out either as a batch or con- 
tinuous process. The exact method used probably will 
depend on economic factors. One continuous system is 
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illustrated in Figure 6. Referring to the diagram, the 
water phase is mixed with a solution of sodium chloride. 
The concentration of salt is maintained slightly below 
the saturation point to avoid deposition of salt in the 
equipment. By controlling the proportions of salt solu- 
tion and water phase the dilution caused by the intro- 
duction of the water will not be great enough to allow 
any appreciable quantity of solvent to dissolve in the 
diluted salt solution. After providing sufficient contact 
to reach substantial equilibrium, the mixture is fed into 
a settling tank and allowed to separate. The upper phase 
consists of the solvent containing about 0.5 percent 
water, while the lower phase consists of salt solution 
with a trace of solvent. If much salt is used, the diluted 
salt solution can be re-concentrated to its original 
strength and circulated in a closed system. The losses 
from this operation are small and the operation itself 
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easily controlled. Necessary heating can be obtained by 
the use of exhaust steam because of the low temper- 
ature level. 


METHOD ADDING LIGHT DISTILLATE 


A distillation method which avoids the formation 
of solvent-water mixtures has been tried experiment- 
ally and found to be very practical. This method is 



































FIGURE 7 


shown in Figure 7. The overhead vapor from a strip- 
ping tower such as shown in Figure 1 passes to a 
second fractionating tower. Fractionation of this 
mixture ordinarily would result in dry solvent as a 
residue and the constant boiling mixture of solvent 
and water as an overhead product. By adding a suit- 
able third component with a boiling point below that 
of the constant boiling mixture, the overhead vapor 
will consist of this component and steam. Addition 
of the third component can be taken care of by sim- 
ply supplying it as reflux at the top of the column. 
A satisfactory material for use in this method would 
be a light hydrocarbon of comparatively narrow boil- 
ing range. After condensation and cooling of the 
overhead vapor, the hydrocarbon is returned to the 
top of the column as reflux while the condensed 
steam is withdrawn and discarded. It can be seen 
that the amount of this added material required is 
small and the possible losses negligible. 


MISCELLANEOUS METHODS 


Methyl ethyl ketone, a dewaxing solvent, presents 
difficulties typical of these separating problems. In 
this case the quantity of solvent which is associated 
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with water is extremely small (less than 0.5 percent) 
when compared to the total solvent used in the proc- 
ess. Thus, although the solvent phase which sepa- 
rates on condensation and cooling of the constant 
boiling mixture contains approximately 10 percent 
water, it is added directly to dry solvent. 

Several methods for removal of solvents from 
water employ an extraction step in addition to frac- 
tional distillation. One such method involves the ex- 
traction of water saturated with solvent by a light 
distillate. The resulting distillate phase contains 
most of the solvent and can be fractionated to re- 
cover light distillate as an overhead product and 
solvent as a residue. The water phase remaining 
after the extraction contains a negligible concentra- 
tion of solvent and is discarded. A similar method 
employs raw oil charge as the extracting material 
to remove solvent from water. 


SUMMARY AND CONCLUSIONS 


In this paper the authors have indicated the prob- 
lem of water-solvent separation in solvent refining 
and dewaxing plants and have discussed a number 
of solutions. Processes involving the use of chemicals 
or absorbants for water separation have not been 
considered, since it is felt that they are less desirable 
in oil refinery operation. The authors have listed cer- 
tain solvents, analyzed their characteristics, and have 
shown how the variation in characteristics affects the 
choice of method to be employed. In general, frac- 
tional distillation appears to, be most satisfactory be- 
cause of its adaptability to solvent recovery systems 
and because of the familiarity of the refiner with this 
type of equipment. In most cases the heat required 


may be provided economically with available exhaust © 


steam. In conclusion it may be said that the choice 
of method used depends on the individual problem, 
with the decision resting on a consideration of all 
factors involved. 
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Coking Operation 
168 Days on Stream 


J. C. ALBRIGHT 


ENDALL Refining Company, Bradford, Pennsyl- 

vania, was one of the first Pennsylvania refiners 
to install facilities for cracking gas oil, fuel oil, and 
other heavy by-products, into premium grade motor 
fuel. The first installation of this character consisted 
of two Dubbs units, erected in 1923, and the third unit 
was placed in operation during 1931, which was de- 
signated as Plant Number Three. It was operated in 
conventional manner, with minor changes now and 
then, until the first part of 1934, when changes com- 
pleted converted it from a residuum, or coking plant, to 
one which produces coke outside the present equipment. 
The results of these changes, demonstrated by a record 
run recently completed, was to enable the plant to re- 
main on stream for a period of 4046 hours and 45 min- 
utes without a shut-down. 

Two unused towers previously had been erected in 
the cracking plant which contained clay for treating the 
pressure distillate in the vapor stage. Because of other 
improvements these became inactive and were con- 
sidered obsolete material. These two clay towers were 
converted to chambers for outside coking during 1934. 
The first of the columns was converted to its present 
use to demonstrate the feasibility of that type of opera- 
tion, and after satisfactory experimental runs, the other 
chamber also was converted. 

After all connections and other fittings had been made 


to convert the cracking plant so outside coking could 
be accomplished with two chambers hooked up for op- 
eration, a run was begun to determine how long the 
plant could be operated. This run continued for a pe- 
riod of 2,360.65 hours, with several stocks being 
charged to the coils in the heaters, the results of which 
was that 133,646 barrels were processed with a recovery 
of 74.8 percent gasoline, having an octane number of 
64.5, C.F.R. 

A summary of this run is shown in Table 1. 

The plant was taken off stream because of a leak 
developing in a tube in the heavy oil furnace where it 
had been rolled into a header. The total coke produc- 
tion during this run amounted to 1949 tons. The run 
also demonstrated that with the operation of the two 
outside coking chambers, it was possible to increase the 
gasoline production as much as six percent, when com- 
pared to the method of operating the plant before it 
was changed over to outside coking. 

Of the total time on stream for this outside coking 
run, 23 hours were consumed in starting up the unit 
and in bringing it off stream. During this time, the 
coking operation was suspended, and the bottoms run 
to residuum. The coke deposition in the furnace tubes 
varied from dust in places, to not to exceed a thickness 
of 1/64-inch, and approximately 500 pounds were dis- 
tributed over the wall surfaces of the various parts of 
the plant. In the reaction chamber there was no more 
coke deposited on the inside walls, apparently, than 
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TABLE 1 
Yields and Throughput for Complete Run 
Percent of | Barrels 
Barrels Raw Oil per Day 
Ee SR kn a nos bob eetbabicinewaas 23,956 iba 244 
I Rab dine ds 0 cued aeesipbar 109,690 seen 1,115 
DR IN in 5 CAE vs 0'0.t HER OKO 133,646 aS ae 1,359 
Gasoline produced..............2205- 99,934 74.8 1,016 
ID sb. won 0 sidan tadobotey aes 346 0.3 4 
Gs se sack pe is oe aa oO Uae eens 11,044 8.2 112 
PO See ne ee ees 22,324 16.7 227 
Ce se ins oi eck ne ies bk eK xd eden 114,885,900 cu. ft. 
Cubic feet, of gas per barrel of Chariptiseiioio sooo idicis opikbc bidsiwapeecccacas 859 
Come SOS DURE GE COIR ik 65s ABRs os peeks se Oobncxaions 30 pounds 
Distillations 
Fin- 
ished 
Stabil 
Heavy | Light Side Coke | Comb. | Gaso- 
Feed Cut Dist Feed line 
Qe as sn6t Si Sa 38.6 46.2 19.3 16.6 14.7 61.0 
%y 2) Ss ee 370 338 _. eee RRR eS “Sree 83 
10 percent.......... 519 394 Wr Biss lip kt hacas boat 110 
DN SOE 590 423 ME. Bite okdetal aden aee 247 
Ses. <'ba'eeaee 690 466 ewes AP Pare oak orien 379 
Ee a aa wale ve eS 734 510 RE FEV ee. eee 411 
Percent received..... 97 98 RG... Nha eset «once 97 
Percent at 400° F.... 0-5 | eae VE Oe Paine: aa Poe xe ees 
ee pip Seat aS ER Cree POR Mp eS Site nat Neen 
es eer eee OO fevcveias 0.007 0.073 tS nr 
BS aRe RIAA = oe ee SPREE Fre are Spo i Py BEER 
4 2 }& Ae See 5: a PRP Peer ae Nees: AEE, ORR 
ES ARE ae GE HP Pe MS SE Ey ro on kee ee 15 
ot, ear bre Powe eae era Ue ee ea eres wes rhe cre fh. 3 mgs 
CG Ela Mee ks is bis sab KK Hae SE Se INARA DD EM Rae 65.5 
We I 2655.5 a 56, Siw fini % s/o: 0 © pie tleldig td wlgia.ba.buhin: Soko 0 es ceee aua 10.6 Reid 
Fe I NI ona oo ie hice ak pts, & no od ceed due Pa naaiplcne alate 2,360.65 hours 
I I a i ko is ik 6 co When cB SES ose n eea 98.36 








when the plant was first placed on stream at the be- 
ginning of the run. This amounted to about one-inch 
at that time. 

At the time the cracking plant was constructed, only 
one furnace was built for heavy oil service, which is a 





January, 1936—A Gulf Publishing Company Publication 


radiant heating type, equipped with 86 four-inch out- 
side diameter tubes, with an effective operating length 
of 30 feet. These tubes have a wall thickness of 3%- 
inch, and 18 of them were installed in the convection 
bank of the furnace, 30 in the roof, and 17 in the back 
wall. A floor tube installation included 21 tubes of the 
same size as the others. 

A second furnace was completed in 1933, also de- 
signed by Alcorn Combustion Company, being identified 
as a double end-fired unit having 16 corborundum tun- 
nels, eight on each side. At this time, several other 
changes were made in the plant, one in particular be- 
ing a connection made in the fractionating column, on 
the side, so a stream of light oil could be removed to 
be used in the second furnace with other products, for 
selective cracking. This furnace was equipped with 47 
tubes, having an outside diameter of three inches, and 
an inside diameter of 214-inches, located in the convec- 
tion section. Thirty-three tubes of the same size and 
wall thickness were placed in the heating section of the 
furnace, across the floor and in the roof in single rows. 
Fifty-eight tubes were placed in the soaking side of the 
furnace, located across the floor and across the roof. in 
double rows, staggered from upper to lower row in 
both the roof section and the section in the floor. These 
tubes are slightly larger than the others in this furnace, 
being 3%4-inches, outside diameter, and 234-inches, in- 
side diameter. All tubes in this furnace have an ef- 
fective heating length of 22 feet. 

The two clay towers, now termed coking chambers, 
were prepared for service by building a manhole in the 


Interior of control room 





lower head, 48 inches in diameter, for ease in removing 
the coke, and attaching lugs to the interior of the walls 
so the coke cable could be hung on wires. The neces- 
sary piping was done to enable the residuum from the 
cracking operation to flow to these chambers, mani- 
folded so each could be operated independently. A va- 
por line was led from these coke chambers to a coke 
distillate knockout tower, four feet, four inches in di- 
ameter by 17 feet in height, equipped with four sets 
of side-to-side baffles. 

After the .record run of 2,360.65 hours had been 
completed, the plant cleaned up and inspected, it was 
placed on stream again at 9:30 a.m. May 13, 1935, to 
be operated for coke manufacture by using the coking 
chambers and to secure the greatest possible yield of 
cracked gasoline. The fires were cut from the two fur- 
naces at 12:15 a.m., October 29, 1935, after being on 
stream 4046 hours and 45 minutes. This time, reduced 
to days, means that the plant operated for 168.61 days, 
or for five months and 18 days. 

Summary of the operation, and the composition of 
charging stocks is shown in Table 2. 

The flow of oil through this cracking unit begins 
when the charging pump picks up the blended charge 
of gas oil, petrolatum or foots oil and pumps it through 
the absorption, or vapor recovery plant column where 
the gases removed from the accumulator drum and 
coke distillate receiver, are stripped of the desirable 
fractions. The charge is handled by a steam driven 
pump, 7%4x4%4x10-inch, which delivers the raw oil 
charge to the cracking unit fractionating column and 
from this point, oil is taken through a suction line lead- 
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TABLE 2 
Composition of Charge 
Barrels Percent 
Water white diatiliate...-... ccs cers cet urseves erect 48,144 18.7 
ER od. aco St nomial oss bos sd Rodd PLC Ree ee ceok 183,296 71.4 
PN a 33s vinkare 6s <caice tea whad tee cbele veawe 16,478 6.4 
MNEs $4 6diw Sth. e a ah bao NDE OA wares kb O NERS 256,498 100.0 











Trap and sump oils were fed back as recycle stock with the charge, 
and which amounted to 3296 barrels. The average rate of charge, ex- 
pressed in fresh oil barrels to the plant amounted to 1521 barrels daily. 


Tests on Oil Charged to the Unit 















































10 50 90 C.T. 
Per- | Per- | Per- | E.P. and 
Gr. | IBP. | cent | cent | cent | ° F. | C.R. | Amp. 
Gas oil and Foots 
oil, mixed before 
charging........ 38.6 340 496 586 684 728 | 0.034 30 
Petrolatum (10 mm. 
“1 Fath PR gs, G2 33.0 564 603 Jae i ss Tae i 126 
Waterwhite distil- 
RS SB ees 46.1 380 408 427 460 507 
Yields 
Barrels Percent 
Gasoline (66 octane, 416° F. E. P.)..............2.. 189,064 73.7 
Residuum (2.0 gr. 40 vis. at 122° F. (Furol)......... 1,913 0.7 
he oe eS Woe ons hwnd 0 e'Ge'e aa Oh OO RST 20,683 8.1 
8 TEER RN AEM ET SORT GaN e oA 44,838 17.5 
I, oo acres tka: Shag cash ang andere & Mera arane are are a owe 199,138,800 cu. ft. 
Per Dasrel Charme (ans Production)... oc o.soic-c oc 0-0: :c sie e-vie awn cee eld 775 cu. ft. 
EEE ee re 9.9 percent of raw oil charged 
IOS 5 ch s-0 oo We Swuw Si aa Ss AN Swe OU Vio ate VR Oreeinwe 3.7 to 1 











ing to a cross compound hot-oil pump, 23x32x4%4x21- 
inch which delivers the oil directly to the tubes con- 
tained in the heavy oil furnace, with the oil being un- 
der a coil inlet temperature of about 600°F. 

The heavy oil charge being cracked under the in- 
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fluence of the furnace temperature and pressure is led 
through a transfer line at a temperature of approxi- 
mately 900°F.; all temperatures varying with the type 
of cracking and the characteristics of the charge used 
in the plant. The material leaving the transfer line is 
delivered to the top of the reaction chamber at a pres- 
sure of 400 pounds, gauge. 

A side stream of lighter oils than the raw charge to 
the plant, is taken from the side of the fractionating col- 
umn and picked up by a duplex plunger pump, 334x12- 
inch, driven through a set of speed-reduction gears by 
a vertical single-cylinder steam engine. 

The side cut taken from the fractionating unit is 
passed through a heat exchanger, and may be mixed 
with any gasoline, naphtha or kerosene that is to be 
cracked, or reformed, the cut temperature on the inlet 
of the exchanger being in the neighborhood of 480°F., 
and passing out at approximately 680°F. From the ex- 
changer, the heated charge enters the convection bank 
of tubes in the light oil furnace, the flow following then 
through the floor tubes and the roof tubes in the heat- 
ing section. The temperature is varied in the heating 
section to suit conditions found in the plant or charg- 
ing stock, or the characteristics of the products desired 
from cracking. The flow continues from the heating 
section through the soaking tubes in the roof and then 
through the same section in the floor. 

The temperature of the material in the transfer line 
from the light oil cracking furnace may run as high as 
1025°F. at times, and the pressure carried to 700 pounds 
gauge, depending upon the stock charged to the fur- 
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nace coils on the light oil side of the cracking system. 
The products of cracking in both the heavy and light 
oil furnaces are compined in a common stream, and pass 
downward through the reaction chamber at a tempera- 
ture of about 900°F,, and under a pressure of 400 
pounds, gauge. 


The charge passes out the reaction chamber at the 
bottom through a remote-controlled valve into the 
lower part of the flash chamber. The residue from 
the flash chamber is carried to the coking chambers, 
one of which is always’on stream, except when 
residuum operation is being practiced. 


As soon as the cracking unit is brought up to the 
desired temperatures and pressures and is on stream, 
operating in the usual manner for residuum, one of 
the coking chambers, previously having been in- 
spected, the cable hung on the lugs, is steamed to 
expel air. The amount of cable used in each of these 
coking chambers averages approximately 8500 feet, 
and is %-inch wire line made expressly for coking 
chamber operation. After the air has been expelled, 
a small amount of the hot material from the transfer 
line of the light oil cracking furnace is introduced 
into the bottom of the coking chamber to dry up any 
water which may have been condensed from the 
steam used in expelling the air. As soon as the 
chamber is deemed sufficiently dry, the hot residuum 
produced from the cracking of the light and heavy 
charges is switched directly from.the bottom of the 
flash column to the coking chamber and a small 
stream of hot material from the transfer line on the 
light oil cracking furnace is constantly fed to the 
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chamber at the same time. The split stream from the 
light oil cracking transfer line is used to raise the 
temperature of the residuum and maintain it at ap- 
proximately 820°F., and the chamber is carried at a 
pressure of about 50 pounds, gauge. The addition of 
the hot light oil stream is sufficient to flash the 
residuum to coke. 


The vapors from the top of the coking chamber 
are passed directly to a coke distillate knockout 
tower, where they enter near the base and pass out 
at the top under a temperature approximately 75 
degrees cooler than the top of the coking chamber. 
Bottoms and other material which will not pass from 
the knockout column are recirculated back to the 
coking chamber together with the residuum from 
the flash column. The vapors removed from the top 
of the coke-distillate knockout column are passed 
first through a heat exchanger counter current to the 
raw charge to the unit on the heavy oil side, and 
from this exchanger, the vapors and condensate pass 
through a parallel condenser coil and into the coke dis- 
tillate receiver. The coke distillate is pumped direct- 
ly from the receiver drum to the plant fractionating 
column, and the heavy fractions not carried over as 
cracked gasoline are passed back as recycle stock 
for further cracking. The gases which do not con- 
dense in the coke distillate cooling sections pass 
with other vapors to the absorption column in the 
recovery plant. 


Light oil cracking charge pump, steam driven 
through reduction gear 


When one coke chamber has been filled with coke, 
the other chamber is treated as the first one was at 
the beginning of the run and then placed in service. 
The filled chamber is handled in much the same 
way other coke chambers are handled, and the wire 
line pulled from the interior by a steam winch. The 
coke falls into the hopper of a conveyor which loads 
the coke directly to cars on a siding. 

During this last record run of the plant, 7,300,000 
pounds of coke was produced, (equivalent to 42 coke 
chambers) of good salable quality. The operation 
was changed from coking to residue and back again 
to coking seven times during this run for various 
reasons. The run was terminated only when a tube 
ruptured in the radiant section of the heavy oil fur- 
nace, and which had been in service for four years. 
When calipered in the usual manner an internal di- 
ameter which would still be considered safe for con- 
tinued operation, was indicated as there was no coke 
present in this tube nor in any of the tubes in this 
furnace except for a 1/64-inch scale in the last 10 
or 12 tubes in the bank. 

A condition had developed in this section of the 
furnace in which the tubes were worn, or had eroded 
eccentric, instead of concentric. This condition had 
not been previously experienced in this unit, there- 
fore, this tube rupture could have happened on a 
run of much shorter duration and would not have 
necessarily been anticipated. The condition of the 
unit otherwise indicated that it could have been 
carried on stream indefinitely had it not been for 
this mechanical difficulty. 
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